| ° 
Let Nix 
ISSN: 2320-7108 


Planetary Sciences and Exploration Programme 


Volume -5, Issue-2 APRIL 2015 


Ice Crust 


_ Water Jets 


Editor’s Desk 
Readers Column 
News Highlights 
Flash News 


ARTICLES 


What we learned from Venus Express and what we still do not know after ESA’s first 
mission to our nearest neighbour 
Sanjay S. Limaye, University of Wisconsin, USA 


Remote Sensing Studies of Impact Melt Deposits on the Moon 
Deepak Dhingra, University of Idaho, USA 


Rotational Spectroscopy and Interstellar Molecules 
Emmanuel E. Etim & E. Arunan, ITSC, Bengaluru, India 


Small Aperture Amateur Observational Capabilities/Tools (Imaging/Photometry/ 

Spectroscopy) 

Malhar Raghunath Kendurkar, A. Chapman & M. Bunnell , Cepheids Astronomy Group 
Mission Story 

2016 EXOMARS Mission - Trace Gas Orbiter and EDM 


Mission Updates 
Events 
Announcements and Opportunities 


Awards and Honours 


Editor: Co-Editor: Associate Editor: 

Neeraj Srivastava Durga Prasad Karanam Rishitosh Kumar Sinha 
Dr. Debabrata Banerjee Members: 

Indhu Varatharajan Jinia Sikdar Office: 

Aarthy Essakiappan Pavithraa S Nambiar K. Rajagopalan 

Santosh Choudhary Jayesh P. Pabari Web Manager: 

Subhadyouti Bose Vijayan Sivaprahasam Rajiv R. Bharti 


COVER PAGE 


Topleft: Artistic impression of Venus Express spacecraft; Top Right: Image depicting a newly discovered 
sinuos impact melt in Copernicus crater of the Moon. Kaguya DEM of the southern part of the feature is also 
shown; Centre: Artistic view of a possible ocean inside Enceladus based on Cassini’s gravity studies; Cen- 
tre right: Dawn image of Ceres showing a mysterious bright spot; Bottom: Glimpses of field trip to Kutch 
during 15" PLANEX Workshop. 


Image Credits: http://betacrumb.com/wp-content/uploads/2014/12/venus_express_lombry.jpg; https://www.nasa.gov/jpl/cassini/ 
enceladus-pia18071/#.VRqYW_ksplQ; __http:/Awww.nasa.gov/jpl/dawn/bright-spot-on-ceres-has-dimmer-companion/#. VRqZIPk- 
splQ; Dhingra et al., GRL, 2013 

Cover Design: Durga Prasad Karanam 


Buoyed with the success of MOM entering into an extended phase, 
and day-to-day unraveling from Chandrayaan-1 data, ISRO gets 
aboard into a spirited arena of planetary activities that includes robust 
study of the Moon (via orbiter, lander and a rover) and launching 
the next orbiter to Mars. Preliminary scientific discussions have also 
been initiated for a possible mission to Venus in the near future. The 
present issue attempts to highlight some of these motivations through 
articles from subject experts and regular columns. Prof. S. Limaye of 
University of Wisconsin, USA, who has been an ardent proponent of 
Venusian science & exploration, presents an informative article on 
the findings from recently concluded Venus Express mission of ESA 
and emphasized upon the emerging trends, research options and the 
demand. The article would essentially ignite the young minds and 
stimulate professionals to gear up for tackling the complexities and 
challenges associated with exploration of Venus, a planet that is largely 
un-explored due to its thick atmosphere. 


Impact catering is the fundamental geological process that has af- 
fected the origin and evolution of every planetary body. However, this 
geologically important phenomenon is least understood. Particularly, 
partition of the energy when a fast moving bolide (typically tens of kms 
per sec) with immense kinetic energy hits the target rocks, is not well 
known. Dr. D. Dhingra of University of Idaho, USA elucidates upon the 
intricacies of this process by focusing upon the nature and composition 
of the resulting melt deposits on the Moon, which are preserved there 
since past ~3.2 Ga due to its largely inactive nature. Special emphasis 
has been given to the new findings from high resolution datasets from 
Chandrayaan-1 and NASA’s LRO mission. 


Origin of life, its evolution, and the future of life on Earth are fascinat- 
ing issues to be addressed. However, to look for amicable answers to 
these where do we look? The answer is “the interstellar space”, which 
is the largest reservoir of chemically-bonded matter in nature. Mr. 
Emmanuel E. Etim & Prof. E. Arunan of IISC, Bengaluru, illuminate 
upon the concepts and implications of Astrochemistry and give a nice 
account of the spectroscopic tools and techniques used in this stirring 
young interdisciplinary science. With advancements in techniques and 
reduction in cost of equipments, amateur astronomy has reached a more 
mature level. An article from a team of astronomers from Cepheids 
Astronomy Group discusses the current day potential of amateur 
astronomy wherein results of high scientific value can be deduced 
from ones backyard. This particular article will certainly benefit and 
enthuse a vast group the upcoming planetary/astronomy researchers. 


Regular columns such as News Highlights, Flash News & Mission 
Updates keep inform the readers with the progress in planetary sci- 
ences and exploration activities across the world. A Mission Story on 
the planned Trace Gas Orbiter (TGO) mission of ESA to Mars has 
been included for the delight of the readers and the Back page gives 
a short account of “The Gran Telescopio Canarias (GTC)” in Spain, 
which is one of the most advanced and the largest single aperture 
optical-infrared telescope of the world. In the Events column an ac- 
count of the 15" PLANEX Workshop and 34 STP course organized at 
PRL have been provided. 

Before signing off, I would like to bid-farewell to Ms. Pavithraa S. 
who was a precious member of the Editorial team. All the best to her 
in future research endeavors. 

We appreciate the considerable number of contributions from outside 
India and look forward for similar support and encouragement in future 
also. Enjoy Reading and keep sending us your precious feedback. 


Best Regards 
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(Dr. Neeraj Srivastava) 


Volume -5, Issue-2, April 2015 
READER’S COLUMN 


“....1’m most impressed with the journal overall 
and especially appreciative of the article by Priyanka 
Chaturvedi and Ashok Singal, “Worlds beyond our 
own”, which I would like to share with some of my 
Kepler team members 


- Alan Gould 
University of California 
Berkeley, USA 


““.....The recent issue of Newsletter looks very inter- 
esting and I can see the efforts of your team that have 
gone into it. Thank you for sending.....” 


- Atul Srivastava 
Indian Institute of Technology 
Mumbai 


“....We visited the British council in Kolkata and 
found your beautiful and informative PLANEX 
Newsletter... Please send it regularly to us.....” 


- Jagdish Chandra 
Friends Society 
Solapur, Maharashtra 


“..... Thank you for the PLANEX Newsletter. I con- 
gratulate the Editorial team for their fine job to bring 
the great issue of Newsletter.....” 


- P.Balarama Rao 
National Remote Sensing Centre 
Hyderabad 


“..... Thank you for sending me the latest issue of the 
PLANEX Newsletter. Many interesting articles are 
there to ponder..... I would circulate the Newsletter 
to other interested members of NRSC.....” 


- A. Senthil Kumar 
National Remote Sensing Centre 
Hyderabad 
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Ocean of saltwater beneath Ganymede’s crust 

In a yet another accomplishment by Hubble Space Tele- 
scope (HST), the thirst for evaluating possibilities for life 
beyond Earth has been re-ignited. Water is the fundamental 
element in the list of supporting items that are essential 
for ascertaining definite presence of life or for sustainment 
of life on any planetary object in or beyond our solar sys- 
tem. Moving ahead in its detection, HST has discovered 
possibilities for a deep ocean under the icy crust of one 
of the Jupiter’s Moons, Ganymede. Ganymede is a fully 
differentiated body and has been marked as the only satel- 
lite with internal dynamo field. The moon has also been 
reported for signs of auroral emissions. By modeling the 
dynamics of Ganymede ‘auroral ovals’, the latest research 
has presented a new approach using which evidence for 
large amounts of saltwater beneath Ganymede’s crust has 
been inferred. The locations of auroral ovals are strongly 
governed by the magnetic field and magnetic fields are 
something that are connected to the interior. The prime idea 
driving this new research was the hypothesis that presence 
of salty water in the ocean may guide Jupiter’s magnetic 
field to generate a secondary magnetic field in the ocean 
that in turn restrains the rocking of the aurorae, primar- 
ily due to interaction between either fields. By numerical 
modeling efforts, existence of an ocean (~100 km thick) 
with a minimum conductivity of 0.09 S/m (corresponding 
to 0.9 grams of MgSO, per kilogram of ocean water) buried 
beneath ~150-200 km icy crust has been demonstrated. 
The new approach adopted here has potential to provide 
credible information about the conductive layers of other 


rocking of =—~-~_ 
magnetospheric ~ 
field within 5.2 h 


rocking of the 
oval within 5.2h 


Magnetic field lines and locations of auroral ovals when 
Ganymede is above (dashed lines) and below the current 
sheet (solid lines) 

Source: http://www.sciencedaily.com/releases/2015/03/ 

150312112112.htm 
http://onlinelibrary.wiley.com/doi/10.1002/2014JA0207 
78/abstract 
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Another mineral that hinders detection of or- 
ganic matter on Mars 

In an earlier analysis of Curiosity’s measurements, it has 
been shown that as a result of flash heating, perchlorate 
mineral breakdown to give oxygen and chlorine gases 
that further breakdown the organic compounds to carbon 
dioxide and water. This destructive property of perchlorate 
has been noted as the prime cause that may explain why 
current and previous missions have not been able to re- 
solve any diagnostic evidence for any organic compounds 
present in the samples analysed during in situ experiments 
using sophisticated instruments on-board rovers. In a 
recent attempt, a laboratory experiment was carried out 
to imitate a technique that is going to be performed by 
one of the instruments on-board Curiosity rover for ac- 
complishing detection of organic compounds preserved 
on Martian surface. A mixture of organic compounds and 
jarosite was analysed in lab, wherein it was discovered 
that similar to dissociation of perchlorate mineral, jarosite 
also breakdown to sulphur dioxide and oxygen, which 
further destroy the organic compounds on their combus- 
tion. Jarosite and perchlorate minerals both have been 
shown to control the possibilities for detecting presence of 
ancient habitable environments on Mars. However, their 
destructive properties have strong impact on detection 
of organic compounds, if any. Nevertheless, presence of 
jarosite itself is an indirect evidence of systems that might 
have supported ancient life, as on Earth, jarosite forms in 
acidic waters, which is a habitat for bacteria. In analysis 
by Curiosity rover, the instrument SAM (Sample Analysis 
at Mars), in conjunction with Gas Chromatographer and 
Mass Spectrometer, analyses soil samples for detecting 
diagnostic evidence for organic compounds. This new 
research has recommended that SAM instrument should 
be able to discriminate a spike in carbon dioxide detection 
levels, which may be comparable to the levels already 
detected in the previous cases when perchlorate was 
detected. Such a comparison might help as an indicator 
for confirming presence of organic matter and their break- 
down during heating experiments. Taken together, the 
ultimate idea of these laboratory experiments is to guide 
in narrowing down the effects of jarosite and perchlorate 
minerals that bring forward unwanted problems in detec- 
tion of organic matter on Mars even if it is preserved on 
the surface within detection limits. 


Source: http://www.sciencedaily.com/releases/2015/02/ 
150219211724.htm 


Ancient Mars was water rich 

High-resolution spectroscopic measurement of isotopic 
properties of water over a six-year period have been uti- 
lised to generate maps of water isotopologues across the 
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Martian globe. The two forms of water observed in Mars’s 
atmosphere are water (H,O) and deuterium (HDO). Since 
deuterium is heavier than water, it is comparatively less 
evaporated into space, thus making the net ratio of HDO 
to H,O greater in the remaining water. The prime aims of 
maps produced from observations are to help estimate how 
much water was lost to the atmosphere over geologic time 
and decipher the ratio of D/H in the atmosphere of contem- 
porary Mars. These estimates are important and are still 
unknown for Mars, although site-specific information’s 
are available, such as those derived by Curiosity rover. In 
this study, the polar regions were of key interest, as polar 
ice caps are the planet’s largest known reservoir of water 
and essential for documenting the evolution of Mars’s 
water from the periods (Noachian) when it was wet and 
to the present, when it is likely a desert. The key outcome 
of this study suggests that atmospheric water in the near- 
polar region was abundant in HDO by a factor of seven 
relative to water in Earth’s ocean. This implies that water 
in Mars’s permanent ice caps is enriched eight-fold. Such 
a high level of enrichment is only possible if Mars had lost 
volume of water approximately 6.5 times larger than the 
present polar caps. The results also suggest that the volume 
of Mars’s early ocean must have been at least 20 million 
cubic kilometers. It has been even approximated that the 
likely place on Mars where this water could be present at 
all would be northern lowlands. Overall, the observations 
recommend that Mars would have been wet for a relatively 


longer period than it was previously understood. 


Artist’s impression of how Mars might have looked 4 
billion years ago 
Source: http://www.sciencedaily.com/releases/2015/ 
03/150305140447.htm 


Unique study indicates water molecules bound 
to sulphates in Martian soil 

In a recent research, it has been suggested that there ex- 
ists a spatial association between the presence of sulphur 
and hydrogen in Martian soil. The findings report the 
evidence for sulphate bearing strata, across Late Noachian 
to Amazonian epochs, which indicated an important role 
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for sulphates in acidity and salinity of liquids that could 
have existed on ancient Mars and the ability of the planet 
to support life. The study commenced from the derivation 
of elemental mass fractions obtained from the Gamma 
Ray Spectrometer (GRS) y photon spectra., which gives 
an indication of the presence of hydrogen and serves as 
an indirect indication of water in the upper meter of the 
surface. The corresponding S and H,0O in the low to mid- 
latitudes of Mars give an idea of the nature of both hydrous 
sulphates and other hydrates present in the upper layers of 
the Martian soil. GRS data essentially reflect the soil com- 
ponent for elements like H and S. The differentiation of ex- 
posed rocks from the much finer regolith components was 
therefore, reported to be quite fundamental for the study. 


Map of stoichiometrically equivalent H,O and S 
mass fractions derived from GRS spectroscopy 


The study hints that in the southern hemisphere of Mars, 
hydrous sulphates drive the distribution of water. This is 
substantiated by the fact that the water to sulphur (H,O:S) 
molar ratio varied between ~2.4 to ~4, which was observed 
across approximately 80% of the martian southern hemi- 
sphere. Therefore, sulphate compounds could possibly 
influence modern aqueous processes on Mars. This would 
be especially true for bulk soil at approximately depths 
up to a few decimeters. The researchers also pointed out 
for a need to assess the latitudinal variation of hydration 
states, the identification of regions covered by fine debris 
that could have compounds of sulphates present, and the 
comparison of H,O and S abundant and deficient regions 
that are necessary to refine the suggested model. In ad- 
dition, a detailed study of the growth and decay of RSL 
(Recurring Slope Lineae), a class of annually repeating 
surface features primarily in the southern hemisphere 
of Mars are likely to provide relevant constraints on the 
possibility of the huge deposits of Fe** sulphates on Mars. 
Source: http://onlinelibrary. wiley.com/doi/10.1002/2014 
GL061136/abstract 
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Mystery plume on Mars 

Scientists studying the Martian atmosphere were startled 
when a group of amateur astronomers observed a plume- 
like feature on 12th March 2012, which was later confirmed 
by the Hubble Space Telescope (HST) as well. The appar- 
ent bulge became more prominent over the following days 
and on March 20" and 21‘ when it was captured by at least 
18 observers armed with 20-40 cm telescopes operating 
in the visible spectrum. The plumes were rising to heights 
of more than ~250 km above the same region on both the 
occasions. When compared to previous events of similar 
nature, such plume-like features were not seen beyond 100 
km altitude. The consecutive measurements identified the 
location of the plume between the latitudes of ~38.7° + 
6.4° S to ~49.7° + 4.2° S, which corresponds to a ground 
distance of ~460 km, while the longitude was constrained 
to ~190.2° + 4.2° W to 201.4° + 6.8° W, which was roughly 
equivalent to ~660 km of ground distance. Therefore, the 
location was found to be close to the Terra Cimmeria re- 
gion. The study points out that at the altitude of 250 km, 
division between the atmosphere and the outer space is 
very thin and therefore the observed plume at that height 
was much unexpected. HST archived images were scanned 
along with images from several amateur astronomers that 
collectively recognized the presence of occasional clouds 
at the limb (edge) of the planet, roughly close to 100 km in 
altitude. The research has postulated two possible reasons 
for this plume. The first idea assumes that the features 
could have been created by the presence of reflective 
clouds consisting of water-ice, CO, and dust particles, but 
this explanation would necessitate abnormal deviations 
from standard atmospheric models (General Circulation 
Model) to support cloud formation at that high altitude. The 
second hypothesis suggests an auroral phenomenon that 
could have been involved in the formation of the plume. 


High-altitude plume on Mars 
To support this theory, researchers document that Martian 
aurorae have been previously observed close to the present 
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location, where an anomalously large crustal magnetic field 
having the ability to induce aurorae exists (~175° W). Such 
an auroral event would demand an abnormal quantity of 
energy flux over several days, though the intensity of solar 
radiation was found to be normal. Additionally, even if the 
plume was to be considered as an auroral event, in real, the 
brightness of the plume far exceeded the normal auroral 
brightness by several orders of magnitude. The researchers 
also point out that the verification of the auroral hypoth- 
esis is possible only by means of extensive monitoring 
of the Martian atmosphere from space— or ground-based 
observatories. The launch of ESA’s ExoMars Trace Gas 
Orbiter (TGO) in 2016 might help shed more light on the 
plumes that have puzzled astronomers and scientists alike. 


Source: _http://www.nature.com/nature/journal/v518/n75 
40/full/naturel14162.html 


Possible hydrothermal activity detected on Sat- 
urnian moon, Enceladus 

The data from NASA’s Cassini spacecraft has suggested 
possible hydrothermal activity on Enceladus - a Saturnian 
satellite (~252 km diameter). For the first time since space 
exploration began, evidence of an active hydrothermal 
system has been found on an extra-terrestrial object. The 
event seen by Cassini was said to closely resemble that of 
some terrestrial hot-water activity that take place in depth 
of oceans on Earth. The consequences of this finding open 
up numerous scientific opportunities while igniting the 
question of the presence of extra-terrestrial life on Ence- 
ladus. On Earth, hydrothermal activity is known to occur 
when seawater invades a rocky crust and chemically reacts 
with it which results in a heated, mineral-rich concoction. 
The results of this study are the first clear proof that an icy 
moon like Enceladus could harbor hydrothermal activity, 
deep within its surface. The microscopic grains of rocks 
identified by Cassini on Enceladus led the team to the con- 
clude that these tiny particles were formed when hot water 
containing dissolved minerals from the satellite’s rocky 
interior travelled upward and came in contact with cooler 
water. The temperatures necessary for the reactions to take 
place would have to be approximately 90° Celsius. Cassini 
carried an instrument called Cosmic Dust Analyzer (CDA), 
which was able to detect minute particles of rocks full of 
silicon, before it reached Saturn’s orbit. Using the process 
of elimination, the CDA team deduced that the particles 
must be silicate in nature. The particle sizes were similar 
to each other, with the largest being ~6 to 9 nanometers 
across, which vindicated the researchers notion about a 
similar hydrothermal process being in play. Apart from 
this, Cassini also performed gravity measurements to sug- 
gest that since Enceladus’ rocky core is extremely porous, 
it allows water from the interior to seep through a huge 
area where rock and water could mingle with each other. 


4 


Back to Contents 


Artist’s impression of possible hydrothermal activity that 
may be taking place on and under the seafloor 


Source:http://www.nature.com/nature/journal/v519/ 
n7542/full/nature 14262. html 


Dielectric breakdown weathering of lunar po- 
lar regolith 

Solar energetic particles (SEP) and Galactic cosmic rays 
(GCR) can charge the lunar subsurface, which is a process 
expected to be particularly important in the polar regions 
of the Moon. It is reported that sufficient time-integrated 
fluxes of energetic charged particles can cause dielectric 
breakdown. The dielectric breakdown occurs when ex- 
isting electric field rapidly vaporizes small, filamentary 
channels inside the dielectric. The lunar surface has 
electric field and the regolith is dielectric in nature. In 
the polar regions, the environment may be favorable to 
cause the breakdown. This recent study has combined 
the JPL proton fluence model with temperature measure- 
ments from Diviner instrument onboard LRO to relate 
the temperature modeling for estimating the frequency 
of breakdown in the polar regions of the Moon. 


Ra 


> > 


Cartoon showing how dielectric breakdown could 
fragment regolith grains 


It has been found that the gardened regolith within per- 
manently shadowed regions might have experienced up 
to 2 X 106 SEP events (which can lead to the breakdown) 
while the warmest polar regions have experienced about 
two orders of magnitude fewer events. However, these 
estimates may be too low for two reasons. Firstly, the 
partial breakdown aging can still occur with weaker 
electric fields, thus increasing the regolith’s suscepti- 
bility to breakdown. Secondly, the rate of potentially 
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breakdown-causing SEP events could be higher than esti- 
mated, who considered only >1 MeV protons. In addition, 
the breakdown weathering plays an important role in the 
physical properties of the polar regolith, and if it occurs, 
it may increase the percentage of fine and monomineralic 
grains. It may also cause the formation of “fairy castle” 
regolith structures and contribute to the low-albedo fea- 
tures detected by LRO/LAMP. 


Source: http://onlinelibrary.wiley.com/doi/10.1002/2014 
JE004710/abstract 


DAWN Spacecraft is set to unravel the mysteries 
of CERES 

The time has come to explore what is there in a dwarf 
planet called CERES; NASA’s DAWN spacecraft was 
recently captured at a distance of ~61,000 km by the 
planet’s gravity. With this achievement in the history of 
space exploration, DAWN becomes the first mission to 
orbit any dwarf planet of our solar system. DAWN has 
already Vesta, a member of the main asteroid belt. Ceres 
was initially known as a planet; however, subsequently 
the nomenclature was refined to dwarf planet. The cur- 
rent trajectory of the spacecraft is such that it is on the 
night side. What DAWN is going to see in future when it 
emerges from the dark side is certainly going to be fas- 
cinating; nevertheless, what it has seen until now while 
approaching orbit insertion is exciting as well and it sets 
the stage for capturing sharper images when it orbits at a 
lower altitude around the planet. 


Series of images captured by DAWN while approaching 
through its insertion in orbit around Ceres 


Some of the key things that have been noticed throughout 
DAWN’s approach to orbit insertion are: (1) what are 
those bright spots in the interior of craters?; (2) how does 
the various terrains on Ceres are correlated?; (3) flat floor 
craters?; (4) origin of abundant linear features and scarps?; 
(5) evidence for possible plume activities; (6) spatially 
resolved surface temperature variations; and (7) spatial 
difference in the regional albedo. A lot of modeling and 
meaningful predictions have also been made and presented 
in the recently concluded Lunar and Planetary Science 
Conference, 2015 regarding the Ceres interior, impact 
cratering flux and crater chronology, potentials for volca- 
nism, surface thermal inertia, and water sublimation and 
variations in surface temperature etc. Therefore, what it 
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1s actually going to be exciting than what we already know 
from our more than nearly six decades of space exploration. 
DAWN spacecraft and the scientists working for and on it 
have already set the stage, let us wait and watch for what 
new mysteries are going to be observed and solved in the 
upcoming months. 


Source: http://www.planetary.org/blogs/emilylakdawal- 
la/ 2015/03 191629-lpsc-2015-dawn-at-ceres.html 


Curiosity detects long chain carbon compounds 
and nitrates on ancient Mars 

The Sample Analysis at Mars (SAM) instrument onboard 
Curiosity rover has already detected elevated abundances 
of chlorobenzene (CBZ)- a six-carbon molecule in an aro- 
matic ring structure, from analyses of samples collected 
from Cumberland (CB) (a site in Gale crater), in addition 
to providing hints of long chain heavier molecules, resem- 
bling cell wall material. Preservation of such molecules in 
the harsh surface environment shows the survivability of 
biosignatures, if they ever existed. SAM has thrown out 
yet another surprise finding lately, the presence of nitrogen 
bearing compounds (nitrates) that implicate a scenario in 
which nitrogen cycle could be active on Mars sometime 
in its history, another support for habitability. On Earth, 
nitrogen cycle is bit more complex in which atmospheric 
nitrogen (N,) is converted to Ammonia (NH,), usable form 
of nitrogen by organisms. The detection of nitrates in Mar- 
tian samples collected from mudstone deposits and aeolian 
fines postulate a theory that suggests possible fixation of 
nitrogen to nitrate as a result of thermal shock generated 
from impact or volcanic plume flashing on ancient Mars. 
Accordingly, it was inferred that the fixing of nitrogen 
might be the first phase in building of an ancient nitrogen 
cycle on the Martian surface and would have acted as a 
biochemically available source of nitrogen. Such a finding 
expands the goals that include searching of nitrogen cycle 
on ancient Mars and motivates the researchers to continue 
in this process of search. 


Drill hole from the Cumberland site, in rock that was 
an ancient lakebed 
Source: http://www.sciencemag.org/content/347/6229/ 
1402.summary?rss=1 http://www.pnas.org/content/ 
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» Four major geochemical terranes of Mercury’s northern| 
hemisphere 
Link:http://www.sciencedirect.com/science/article/pi1/ 
$0019103515000421 


First map of bulk hydrogen concentrations in the lunar 
highlands 
Link:http://www.sciencedirect.com/science/article/pii/ 
S0019103515000111 


Thermophysical classification of gullies on Mars 
Link: http://www.sciencedirect.com/science/article/pii/ 
$001910351500038X 


Detection of carbonates and phyllosilicates in Capri 
Chasma region of Mars 

Link: http://www.sciencedirect.com/science/article/pii/ 
S0019103514006460 


First daytime, direct in situ measurements of lunar H, 
and “Ar 

Link: http://www.sciencedirect.com/science/article/pii/ 
$00320633 14004103 


Timeline of meteorite impacts on Moon refined 
Link: http://advances.sciencemag.org/content/1/1/ 
e1400050 


Hydrogen is abundant on moon’s pole-facing slopes 
Link: http://www.nasa.gov/content/goddard/Iro-lunar- 


hydrogen/ 


Earth based radar imaging of Venus returned detailed 
information 

Link: http://www.sciencedirect.com/science/article/pii/ 
$001910351400654X 


Complex influences of multiple stars on planets 
Link: http://www.jpl.nasa.gov/news/news. 
php?feature=4500 


‘Black Beauty’ could be the “bulk background” of 
rocks on the Martian surface 

Link: http://www.sciencedirect.com/science/article/pii/ 
$0019103515000329 


Older gullies confirm role of liquid water in their for- 
mation 

Link: http://www.sciencedirect.com/science/article/pii/ 
$0019103515000056 


» Asteroid 2004 BL86 has its own small moon 
Link: http://www.sciencedaily.com/releases/2015/01/ 
150127140652.htm 
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What we learned from Venus ress and 


what we still do not know after ESA’s first 
mission to our nearest neighbour 


By the time Venus Express was launched on Nov. 15, 
2005 from the Baikonour Cosmodrome in Kazakhstan, it 
already had set several notable records. By the time the 
mission ended in a last gasp in late November 2014, it 
had established several additional precedents. Conceived 
from ideas solicited from the European scientific commu- 
nity in March 2001 to find the best use for the spare Mars 
Express spacecraft, the choice was made by the European 
Space Agency on Nov. 5, 2002 to send the spacecraft to 
Venus. The Venus Express concept was selected from three 
competing proposals; the other two being Cosmic DUNE 
to probe cosmic dust between the planets, and SPOrt Ex- 
press to look at the polarization of the universe’s cosmic 
microwave background (or evidence of the Big Bang). After 
detailed technical studies, the ESA space science advisory 
committee recommended proceeding with Venus Express. 


With little more than a three year period between selection 
and launch of the completely new mission, Venus Express 
had one of the shortest duration mission development 
timeframes in recent years. This was possible because 
of the strong support from the participating scientists, 
and hard work and commitment from many institutions 
to achieve success. The task was simplified as most 
of the instruments designed for Mars Express could be 
readily used to observe Venus, and the spacecraft had 
to be modified only slightly. No copy of the Beagle-2 
lander (carried by Mars Express) was needed as it could 
not survive entry into the thick atmosphere and operate 
on the surface at the high temperatures and pressures 
found on Venus (475° C, 90 bars atmospheric pressure). 


Because Venus is closer to the Sun as compared to Mars, 
only about, only half the surface area (5.7 m? vs. 11.42 
m7”) covered by solar cells was needed to convert incident 
sunlight into electricity (1100 W vs. 640 W for Mars Ex- 
press) to operate the spacecraft and instruments, maintain 
radio communication between Earth stations, and for the 
spacecraft to receive instrument commands and to return 
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collected data. The proximity to the Sun also meant that 
the spacecraft and instruments needed to be insulated 
by 23 layers of highly reflective insulation to keep the 
temperature at safe operating levels. The solar cells used 
(Gallium Arsenide) were also different from those used on 
Mars Express (silicon). Three of the instruments were the 
same as on Mars Express; one was an improved version 
from Mars Express and two instruments designed for the 
Rosetta mission needed only slight modifications to observe 
Venus. The radio system also served as an instrument for 
radio occultation studies of the Venus atmosphere and 
ionosphere. The Venus Express spacecraft, with a mass of 
1270 kg (93 kg of instruments provided by ESA member 
countries and 570 kg fuel) was launched on a Soyuz- 
Fregat rocket with launch services purchased from Russia. 


After cruising for 155 days through the solar system, Ve- 
nus Express arrived at its destination on 11 April 2006 and 
through a 50 minute engine burn was trapped in a 9-day 
period orbit taking it as far away as 350,000 km below 
the South Pole and bringing it to within 250 km over the 
planet’s North Pole. In its very first observation form this 
orbit, the Visible Infrared Thermal Imaging Spectrom- 
eter (VIRTIS) confirmed the presence of a circum-polar 
global vortex in the southern hemisphere (Figure 1). The 
vortex organization of the atmosphere was first inferred 
from Mariner 10 images of Venus taken in February 1974, 
confirming the notion that the vortex is a long lived fea- 
ture. The orbit was then slowly changed to an operational 
24-hour orbit carrying it approximately 66,000 km away 
from the planet and in its elliptic orbit, as close as 200 km. 


After checking out the spacecraft and instruments for 
several orbits, the operational phase of the mission began 
collecting data in early June. Some problems were dis- 
covered during the checkout phase — the Planetary Fourier 
Spectrometer was inoperable as a mirror used to choose 
between incoming thermal radiation from the planet or an 
internal calibration was stuck and could not be moved to 
switch to planetary radiation detection mode. In addition, 
the images taken by the Venus Monitoring Camera were 
discovered to be tarnished. 

A thorough investigation revealed that the unprotected cam- 
era sensor CCD was exposed to direct sunlight during a six 


Table 1. Venus Express instruments and volume of data returned (1 Gbit = 1,073, 741,824 bits) 


VMC Ultraviolet and visible imaging 
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Figure I. Color enhanced VIRTIS image of Venus 
showing the day (left) and night (right) side of southern 
hemisphere with the pole in the middle. An unknown ul- 
traviolet absorber in the Venus clouds is responsible for 
the contrasts seen on the dayside, whereas the nightside 
image seen in emitted radiation from the surface and 
lower atmosphere shows the intensity of radiation reach- 
ing the spacecraft as diminished by variable thickness of 
the cloud cover. 


Figure 2. Colorized Ultraviolet views of Venus from Ve- 
nus Monitoring Camera (VMC) on a typical orbit at two 
different ranges from the planet (right) and a composite 
of many images taken on the same orbit as the orbiter 
comes closer from furthest distance at apoapsis (approxi- 
mately 66,000 km to the last frame at the taken ata much 
closer range (left). Atmospheric waves of many different 
wavelengths and orientation can be seen in the cloud 
cover on Venus, the smaller scale ones likely caused bu to- 
pography and the larger scale by atmospheric dynamics. 
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week period just prior to orbital insertion, leaving a lower 
sensitivity in a narrow strip from one side of the sensor to 
a little beyond the frame center. The damage to the micro 
lens layer also caused strange light and dark patterns from 
the resulting debris which changed from orbit to orbit as 
the camera underwent periodic temperature changes due to 
its operational cycle of turning on and off. Fortunately, a 
solution was found thanks to one key characteristic property 
of the Venus clouds — in polar latitudes, the clouds show no 
contrast on a scale smaller than about 100 km, so images 
taken on the dayside in reflected sunlight on each orbit 
reveal only the blemishes. By collecting such “flat-field” 
images, it was possible to render the images useful by divid- 
ing the original image by the on-orbit “flat-field” created by 
averaging as many images as possible to reduce any noise. 


Venus Express observations have revealed additional facets 
of Venus that provide new clues about its origin, its evolu- 
tion, and the interaction between its atmosphere and the 
surface. Among the significant new discoveries are the 
following: 


» The rotation rate of the planet is changing — inferred 
from near infrared images of the Venus surface from 
the VIRTIS experiment 

» Venus is still losing some part of its atmosphere on 
the day and night side; on the night side it is believed 
to be water broken down into its elemental composi- 
tion — hydrogen and oxygen. On the day side, only the 
escape of hydrogen was detected by the magnetometer 
of the ASPERA experiment 

Possible recent volcanism — inferred from co-location 

of high emissivity regions from VIRTIS data with 

“hot-spots” discovered from Magellan Synthetic Ap- 

erture Radar (SAR) data 

Dynamical similarities between the hemispheric vor- 

tex circulation and tropical cyclones — inferred from 

VMC images 

Electrical signals indicative of lightning activity — 

magnetometer data 

Confirmation of a response to solar activity and radia- 

tion 

Presence of an ozone layer in the atmosphere between 

90 — 120 km detected on the nightside from ultraviolet 

stellar observations, suggesting that it is likely present 

on the dayside and transported to the nightside by the 
winds — SPICAV observations 

Increasing speed of the average winds inferred from 

cloud motions on the dayside — measured from WMC 

ultraviolet images 

Coldest temperature in the atmosphere of any terres- 

trial planet (100 K at about 125 km altitude near the 

terminator at the poles), - inferred from SOIR obser- 
vations 


¥ 


¥ 
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For the 2,989 orbits that it collected data until 27 November 
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Figure 3. Glory feature captured by VMC in three 
filters. Colors are exagerated. The scale of this Glory 
is much larger than the one seen from air with clouds 
below and the sun directly behind so that the shadow 
of the airplane is at the center of the rings. Depending 
on the cloud droplet size distribution, the rings can be 
rainbow colored or different shades of gray. In this color 
composite of three images, an image of the Venus Ex- 
press spacecraft has been superimposed in full color (in 
reality the spacecraft was too distant to cast a shadow). 
Credit-Lena Petrova (Space Research Institute, Moscon, 
Russia) and Oksan Shalygina (Max Planck Institute for 
Solar System Research, Gottingen, Germany). 
2014, Venus Express performed well for approximately 
3,989 days (13.3 Venus years, 12.3 Venus rotations or 25.6 
Venus solar days). Venus Express has returned much more 
data (tera bytes) about the planet, as compared to Magellan 
radar observations of the planet two decades ago. Data col- 
lection over its lifetime was interrupted periodically due to 
communication difficulties when the planet gets too close 
to the sun as seen from Earth. Several times, the spacecraft 
dipped into the atmosphere on purpose to provide some ex- 
perience for aerobraking; the process of lowering the orbit 
altitude by using atmospheric friction. Such aerobraking 
events allowed density measurements in the 130 —200 km 
region of the atmosphere which is otherwise difficult to 
obtain observations thereof. 


The data from Venus Express will continue to be analyzed 
for years to come. Already the new results are raising fur- 
ther questions and adding to the ones that existed prior to 
the mission which were not expected to be addressed by 
the mission. 


Among the major unknowns are: 
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» Abundances of noble gas isotopes which can shed 
some light on the origins and evolution of Venus 

» The identity of the ultraviolet absorber(s) in the 
clouds of Venus 

» Is there active Volcanism on Venus now? 

» What drives the super-rotation of the atmosphere? 

» Did Venus ever have a moon? 

» Did Venus ever rotate prograde? If so, when and 
how did it reach its current spin state? 

» How and when did Venus lose its water? How much 
water in the mantle? 

» Did life evolve on Venus? 

» Of all the planets, Venus has the smallest range of 
surface topography — 2 km, as compared to Mercury 
(~10 km), Earth (~15 km), Moon (~20 km), Mars 
(~30 km). Did catastrophic volcanism cover up the 
ancient topographic relief as should have occurred 
through impacts when the atmosphere was not so 
thick? 

» How does Venus lose its heat? 


These questions will be addressed by future missions to 
Venus and already collected data. Each of these questions 
has many other related questions stemming from the theo- 
ries and ideas about how or why, and answering them will 
require capable instruments able to collect the required data 
for as long a period as necessary. Further, future explora- 
tion of Venus addressing these and related questions will be 
not only useful for understanding Earth-like planets around 
other stars but also help answer some questions about the 
indirect effects on Earth’s climate (e.g. solar wind and 
cosmic rays through impacting cloud microphysics and 
formation of clouds). These should be easier to answer by 
observing Venus systematically because of simpler condi- 
tions compared to Earth — nearly uniform global cloud 
cover, lack of hydrologic cycle, absence of albedo change, 
smaller topography and no biology. 


New mission concepts include orbiters, flying platforms, 
balloons, entry probes and landers. Of these the flying 
platforms represent a new approach to take measurements 
in the poorly sampled or observed regions of the Venus at- 
mosphere, from about 55 — 75 km above the mean surface 
where most of the solar energy is absorbed, which drives 
the atmospheric heat engine by the presence of unknown 
ultraviolet absorbers in the upper regions of the 25 —-50 km 
thick cloud layer. 


Orbiters are more capable of more global observations than 
atmospheric or surface platforms as there is a strong need 
to obtain details of the surface at a higher resolution than 
offered by Magellan radar data or from Arecibo (for a much 
smaller portion of the planet). Imaging of Mars from high 
resolution cameras have provided new insights into the 
evolution of its surface as also the true color global views of 
Mars now being obtained by ISRO’s Mars Orbiter Mission. 
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Figure 4. HAVOC, a concept studied by NASA/Langley Research Center to 
use lighter than air ships for robotic and human exploration of Venus from the 
atmosphere as a precursor to longer human flights and habitation of Mars. 


Higher resolution SAR observations, e.g. are possible from 
ISRO’s RISAT-1 produce much greater volumes of data. A 
similar SAR mission to Venus 1s highly desirable and many 
proposals have and are being developed by teams in dif- 
ferent countries. International collaboration has been very 
successful in recent missions and the Venus Exploration and 
Analysis Group (VEXAG) and the COSPAR International 
Venus Exploration Working Group (IVEWG) provide op- 
portunities for the international community to discuss and 
promote exploration of Venus. 


Successful flights by VeGa 1 and VeGa 2 balloons in June 
1985 by the Soviet Union demonstrated that balloons are 
useful observation platforms for a few days, but are limited 
in payload capacity and data collection and transmission to 
earth. Currently available balloon materials and fabrication 
technology suggests that balloons are able to withstand the 
temperature conditions in a narrow region between about 
54-55 km and last perhaps a few weeks. 


Due to the high temperatures in the lower atmosphere 
and surface of Venus, long term mobility in the lower is 
atmosphere is technologically challenging and not feasible 
for more than two to four hours with currently available 
materials. High temperature electronics, mechanical perfor- 
mance and electrical power are the main challenges. Mobile 
platform that can descend down to the surface and ascend 
after a short period of observations have been considered, 
but have not yet been developed. 


Amore promising flying platform appears to be more suit- 
able and at least two teams are looking into design options. 
Helium or hydrogen filled semi-buoyant aircraft can operate 
in a larger altitude range and survive for many months and 
are somewhat maneuverable using electric motor driven 
propellers with the power being generated from solar cells 
on both the upper and lower surfaces of the large wings or 
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fuselage. On the night side, the craft will 


sink a few km in altitude as the propel- 
lers will need to be powered down due 
to decreased power and the craft glides 
to lower altitudes until entering the day- 
light as it gets carried by the prevailing 
winds. The long duration and ability to 
carry some tens of kilograms of scientific 
payload will make it possible to observe 
the surface and look for changes as may 
occur due to possible volcanic activity. 


Several concept studies have been done 
for using helium or hydrogen filled air- 
ships to float in the Venus atmosphere 
and survive for long duration (Figures 
4,5). Since the surface conditions are 
challenging for survival of instruments 
longer than a few hours, such platforms 
are attractive as they provide some 
mobility in lieu of surface rovers like on Mars, besides 
providing a much higher payload capacity and the ability 
to collect greater amounts of data and communicate them 
directly to Earth or through an orbiter. Large airships will 
need the more powerful launch rockets. 


Smaller missions that can be accomplished sooner include a 
semi-buoyant large surface area, direct entry vehicle with- 
out a protective entry shell is being looked into (Figure 5). 
Preliminary studies suggest that such platforms can operate 
in the 50-65 km altitude for long periods, perhaps as long as 
one year. The longer operability and maneuverability will 
enable making more frequent observations of the dynamic 
atmosphere and the underlying surface to return much large 
amount of data directly to Earth. If a concurrent orbiter 
can serve as a communications relay, the data volume can 
be even greater, and also allow for tracking of the flying 
platform on the back side of Venus when it will not be vis- 
ible for command and data communications. 


Observations of Venus during fly-bys by dedicated space- 
craft (Mariner 2, Mariner 5) or those destined for other 
targets (VeGa 1 and VeGa 2, Galileo and Cassini orbiters) 
have also yielded valuable data. In the future many mis- 
sions will also use Venus for gravity assists to reach their 
primary targets. Three missions — ESA’s Solar Orbiter (7), 
BepiColombo (2) and NASA’s Solar Probe Plus (6) missions 
will fly past Venus at 300-10,000 km closest approach and 
will have some opportunities to observe Venus based on 
currently planned launch dates and trajectories and subject 
to mission and instrument constraints. 


At present the only new mission to Venus is the Japanese 
Venus Climate Orbiter which will enter orbit in December 
2015, for its second attempt. Beyond that, no missions have 
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Mission to Venus Highlights 

* VAMP deploys in orbit 

« Lower orbit by either: 

* Traditional delta-V burn 

* Use VAMP for aerobraking 
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Figure 5. Venus Atmospheric Mobile Platform (VAMP), a semi-buoyant aircraft being investigated by a team 


led by Northrop Grumman engineers. 


yet been selected for launch by the space faring agencies 
of the world, but that may change in the next three to five 
years. Until then, scientists will analyze the vast treasure 
of data that has been archived. Mapped ultraviolet images 
from VMC taken when the orbiter is > 30,000 km away 
from the planet can be viewed on-line at venus.wisc.edu/ 
tracking/venus.html. This applet will also allow the user to 
track cloud features over time or animate a short sequence 
of images. 


Further reading / Resources: 


Venus Express Special Issues: 

Planetary and Space Science, 2015 

Icarus, Volume 217, February 2012 

Journal of Geophysical Research, Volume 114, E00B33, 
2009, doi: 10.1029/2008JE003290. 


Venus Exploration Analysis Group 
www.lpi.usra.edu/vexag 


Selected data from NASA and ESA missions to Venus 
http://pds.jpl.nasa. gov/ 
http://www.rssd.esa.int/?project=PSA 


Venus Express Education and Public Outreach: 
venus. wisc.edu 
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Remote Sensing Studies of Impact Melt 
Deposits on the Moon 


Impact Cratering - A Chaotic Process 

Impact cratering is a fundamental solar system process 
that has occurred on all the planetary bodies and at all 
spatial scales ranging from micron size impact to ba- 
sins that are hundreds of kilometers across. It is an un- 
paralleled geologic process involving impact velocities 
of tens of kilometers per second and with the capacity 
to dramatically alter the geological landscape over sev- 
eral kilometers in a matter of minutes to hours, even for 
a small scale impact event. Lonar crater in Maharashtra 
with a diameter of about 1.8 kilometer provides an excel- 
lent example to illustrate the magnitude of change in an 
impact event as well as the scale to which it permeates 
(Figure 1). The impact process involves compression, dis- 
placement, excavation and melting of massive volumes of 
target material producing an altogether chaotic landscape. 
Rocks originally located at depth lie exposed at the sur- 
face along with the local lithology, minerals are shattered, 
melted and fused to various degrees, pulverized material 
is lofted as ejecta and emplaced upto several crater radii, 
melt material occurs in diversity of forms including small 
melt droplets, melt ponds, flows and in case of larger cra- 
ters, huge melt sheets on the crater floor, usually embed- 
ded with un-melted rocks or clasts. 


The picture painted here represents the intrinsic character 
of a cratering event. Needless to say, there will be differ- 
ences amongst events, craters of different sizes and on 
different planetary bodies due to dependence on variety 
of parameters. All planetary bodies including our own 
Earth were battered with impact events in the past to the 
extent that craters formed the single, most abundant geo- 
logical feature on planetary bodies. Earth’s Moon (Figure 
2) provides the closest example of what our Earth and 
other planetary bodies must have looked like during the 
peak of impact events. Plate tectonics and other dynamic 
processes on Earth have erased most of the impact sig- 
natures on its surface today but the lunar landscape has 
largely remained the same over the past 3.2 billion years. 
Moon, therefore is an excellent place to study the prod- 
ucts of impact cratering including impact melt deposits. 


Lunar Impact Melt Deposits 

Impact melt is a very broad term that is used in many 
different ways. In the context of remote sensing, impact 
melt can be defined as partially or completely molten ma- 
terial produced during the cratering process which cools 
off to attain varying degrees of crystallinity and diversity 
of morphologic forms. Impact melt deposits occur within 
the crater as well as outside with the proportion being in- 
fluenced at least in part by the size of the crater. Larger 
craters tend to retain larger volume of impact melt on 
their floors [e.g. Grieve and Cintala, 1998]. 


ii 
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Figure 1: Chaotic landscape around an impact crater 
illustrated at Lonar crater, Maharashtra. (a) Poorly 
sorted rocks forming a monomict (rocks of one domi- 
nant type) breccia unit illustrates the sudden excava- 
tion and freezing of a large rock fragment in random 
orientation along with material of significantly differ- 
ent size (rock hammer for scale). (b) Random mixture 
of melted and un-melted material exists at the smallest 
scale. The circled regions contain small fragments of 
glass (coin for scale). 


Impact melt deposits on the Moon have provided some 
of the fundamental information about our solar system. 
Perhaps the most important insight has been the occur- 
rence of late heavy bombardment or LHB, a period dur- 
ing which there was a very high rate of meteorite impacts 
on the Moon [e.g.Tera et al., 1974]. Later, it was found 
that LHB event happened across the solar system. This 
key finding was based on radiometric age dating of im- 
pact melt samples brought back by the Apollo missions 
which showed a clustering of ages around 3.8 billion 
years. There has been some recent modifications pertain- 
ing to the nature of LHB [e.g.Morbidelli et al., 2012] but 
the essential component of an intense bombardment epi- 
sode still holds. 
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Figure 2: Lunar Reconnaissance Orbiter (LRO) Wide 
Angle Camera (WAC) mosaic of the far side of Earth’s 
Moon shows the surface battered by impact craters. 
The landscape on other planetary bodies including our 
Earth looked similar to this during the early history of 
the solar system evolution (Image credit: NASA/GSFC/ 


Earlier Studies: 

Impact melt samples from returned lunar missions, me- 
teorites and samples from terrestrial impact craters [e.g. 
Dence, 1971, Tompkins and Pieters, 2010] have been 
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insights about their character including mineralogical 
and textural complexity (due to varied melt-clast propor- 
tions), wide range in crystallinity (glassy to completely 
crystalline) and provenance (source region). In the con- 
text of remote sensing, majority of the studies till recently 
have been focused on the morphological character of im- 
pact melt deposits. Some of the important insights that 
were obtained from these studies include the wide diver- 
sity of morphological forms of impact melt [e.g. How- 
ard and Wilshire, 1975] and the strong influence of crater 
rim topography on the spatial distribution of impact melt 
around craters [e.g. Hawke and Head, 1977]. A limited 
number of remote sensing studies were also carried out 
from a compositional perspective [e.g. Smrekar and Pi- 
eters, 1985; Heather and Dunkin, 2003] but they had a 
relatively limited scope. 


Another aspect of impact melt deposits which has been 
studied is their age with respect to the crater age. Im- 
age based age dating of pools of impact melt around 
large impact craters is carried out by counting craters 
on the melt surface and their comparison with standard- 
ized crater production function. In this context, a dis- 
crepancy was noted between crater ejecta age and age 
of the impact melt deposits despite the fact that both 
should have formed at the same time [e.g. Strom et al., 
1968]. Similar differences have been observed with 
the more recent datasets and this problem is still unre- 
solved although some aspects are a little better under- 
stood now than before [e.g. van der Bogart et al., 2010]. 


Recent Studies: 
Lunar science is currently witnessing a renaissance aided 


Figure 3: Distribution of exterior impact melt flows on the lunar surface. Red circles represent the newly dis- 
covered melt flows using mini-RF radar data, blue circles represent previously known melt flows, yellow circles 
represent melt flows identified by LROC datasets. (Image taken from Neish et al., 2014: Published by Elsevier) 
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by the availability of high spatial and spectral resolution 
datasets in the visible, near-infrared, thermal and radar 
wavelengths from recent lunar missions from Japan (Ka- 
guya), China (Chang’e-1, Chang’e-2), India (Chandray- 
aan-1) and the US (Lunar Reconnaissance Orbiter or LRO 
and Gravity Recovery and Interior Laboratory or GRAIL). 
The pre-existing knowledge about the Moon is constantly 
being revised and several new dimensions are being added. 
In this context, the understanding of impact melt deposits 
is also undergoing a significant enhancement. In contrast 
to the conventional utilization of visible wavelength im- 
agery for the study of impact melt deposits, they are now 
also being analyzed using other datasets: 


a) Textural Studies Using Radar and Vis-NIR Datasets 
Impact melt deposits, specifically the impact melt flows, 
have been recently studied using radar datasets [e.g. Neish 
et al., 2014]. Compared to the visible wavelengths which 
interact with the very topmost layer of lunar surface (few 
microns), radar wavelengths are able to probe a little deep- 
er and are sensitive to relatively larger rock fragments. As 
a consequence, several previously unknown impact melt 
flows have now been detected on the Moon based on radar 


R- 1489 nm 
G - IBD, 2000 
B —BD1900 


Albedo Image 
(1489 nm) 


(d) 
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data analysis (Figure 3). In addition, the spatial extent of 
previously known flows are much better defined. These 
studies have also highlighted the fact that smooth looking 
impact melt flows observed in visible imagery may have 
coarse grained clasts embedded in them which are easily 
detectable in radar data. 


At grain sizes smaller than radar wavelengths, visible 
and near infrared datasets have been found to be useful 
to determine grain properties including their size distri- 
bution, shape and internal structure, which altogether 
influence their scattering properties. Some recent stud- 
ies [e.g.Shkuratov et al., 2012; Wohler et al., 2014] have 
utilized these datasets obtained at different viewing ge- 
ometries and have reported differences in the scattering 
properties of impact melt flows which could be linked to 
variety of factors including surface roughness, grain size 
and relative proportions of glass to crystalline minerals. 


b) Mineralogical Studies Using Vis-NIR datasets: Remote 
mineralogical assessment of impact melt deposits did not 
receive much attention in the past. This is in contrast to 
their widespread occurrence at impact craters and basins. 


(e) 


Figure 4: (a) Color composite generated using visible and near infrared data reveals the presence of a 
mineralogically distinct sinuous impact melt feature (blue coloration outlined in white) at Copernicus 
crater. (b) Color composite draped over the topography data. (c) Visible imagery does not capture the 
sinuous feature. (d)-(f) The expression of sinuous feature in various spectral parameter images. All of 
them capture strength of mineral absorption bands at different wavelengths (IBD1000: band strength 
around 1000 nm, BD 1900: band strength at short wavelength region of 2000 nm, IBD 2000 nm: band 
strength across the entire 2000 nm band) (Taken from Dhingra et al., 2013, Published by Wiley & Sons) 
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High spectral and spatial resolution datasets are now be- 
ing used to fill this big gap in our understanding. As with 
radar studies, the definition of impact melt deposits as 
something solely characterized by surface morphology, 
is also being refined by compositional studies. The recent 
discovery of a mineralogically distinct, >30 km long sinu- 
ous impact melt feature at Copernicus crater [Dhingra et 
al., 2013] illustrates this point best (Figure 4). The sinuous 
melt feature is only detectable compositionally and does 
not have any surface morphology including topographical 
variations, making it largely invisible in optical imagery. 
In addition, the feature is also not detectable in radar da- 
tasets. Mineralogically, the sinuous melt feature is charac- 
terized by a low calcium-pyroxene while the nearby melt 
is rich in high calcitum-pyroxene. All these characteristics 
make the sinuous melt feature a unique addition to our 
knowledge of impact melt deposits. At the same time, the 
systematic differences in mineralogy of the sinuous melt 
feature with respect to the nearby impact melt represents 
a surprising orderliness in the chaotic geologic setting of 
an impact crater. 


Apart from mere identification of mineralogical differ- 
ences, the compositional character and contrast also pro- 
vides an opportunity to interpret the geological history 
of the region, at times leading to better understanding of 
the evolutionary processes at work. In the case of sinuous 
melt feature at Copernicus crater, its distinctly different 
mineralogy from the impact melt in the vicinity that was 
produced in the same impact event, has been interpreted as 
the result of an inefficient mixing of impact melt, a previ- 
ously unknown fact in the context of the Moon 


New Insights from High Resolution Visible Imagery: 
The conventional method of using optical imagery for 
studying impact melt deposits is still a powerful method 
and provides the observations at the highest possible reso- 
lution compared to other datasets. The super high resolu- 
tion optical imagery (< 1 m to 10 m) available from the 
current and recent missions is very well suited to study 
the level of complexity (and chaos) that is associated with 
impact melt deposits. Recent studies in this regard have 
revealed significantly more details including the ability to 
identify multiple generations of flows within a large melt 
flow, identification of impact melt at small-sized craters, 
complex fracturing patterns in impact melt, evidence for 
subsurface flow and relatively longer cooling history than 
previously thought [e.g. Bray et al., 2010; Plescia et al., 
2012, Stopar et al., 2014]. 


The current availability of different types of datasets is 
enabling their synergistic use and thereby maximizing 
the scientific returns. The study of impact melt deposits 
has immensely benefited with the use of multiple datasets 
[e.g. Dhingra et al., 2013, Srivastava et al., 2013; Neish et 
al., 2014] and has also highlighted ambiguities pertaining 
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to their identification and characterization [e.g. Chauhan 
et al., 2012; Srivastava et al., 2013, Plescia and Spudis, 
2014]. In addition to observation based interpretations, the 
high resolution datasets are also providing crucial infor- 
mation for modeling the physical properties and thermal 
evolution of impact melt deposits [e.g. Denevi et al., 2012; 
Xiao et al., 2014]. 
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Rotational Spectroscopy and Interstellar 
Molecules 


The fact that life exists on Earth is no secret. However, 
understanding the origin of life, its evolution, and the fu- 
ture of life on Earth remain interesting issues to be ad- 
dressed. That the regions between stars contain by far the 
largest reservoir of chemically-bonded matter in nature 
obviously demonstrates the importance of chemistry in 
the interstellar space. The unique detection of over 200 
different interstellar molecules largely via their rotational 
spectra has laid to rest the popular perception that the 
vastness of space is an empty vacuum dotted with stars, 
planets, black holes, and other celestial formations. As- 
trochemistry comprises observations, theory and experi- 
ments aimed at understanding the formation of molecules 
and matter in the Universe i.e. the formation of Universe. 
Molecules with a well-understood chemistry in the in- 
terstellar medium can be used as probes of astrophysical 
phenomena. Astrophysics covers a wide range of issues 
ranging from the study of our solar system to the study 
of the interstellar medium (ISM). The interstellar mol- 
ecules serve as the most powerful tool for probing deep 
into the interior of molecular clouds. Interstellar clouds 
are significant because it is from them that new stars, and 
consequently new planets, are formed. Understanding 
how the simple molecules present on the early earth may 
have given rise to the complex systems and processes of 
the present-day biology is widely regarded as one of the 
chemistry’s great unsolved questions. The biologically 
important molecules so far detected in the ISM serve as 
significant tools towards addressing the chemical origin 
of life. 


The ISM is simply all the stuff between stars. It is the 
matter that exists in the space between the stars. This mat- 
ter includes gas in ionic, atomic and molecular form, dust 
and cosmic rays. It fills the interstellar space and blends 
smoothly into the surrounding intergalactic space. 


The ISM is composed of 99% gas and 1% dust. Of the gas 
in the ISM, 89% of atoms are H and 9% are He, with 2% 
of atoms being elements heavier than H and He, which 
are called ‘metals’ in astronomical parlance. Dust consists 
preferentially of particles of heavy elements. The ISM 
plays a crucial role in astrophysics precisely because of 
its intermediate role between stellar and galactic scales. 
It is important observationally, as it enables us, for ex- 
ample to observe the dynamics of the gas, such as rotation 
curves, because spectroscopic emission lines from the gas 
are prominent. 


The basic approach in probing molecules in the ISM is 
to use spectroscopy to create a database of “fingerprints” 
from known molecules in the laboratory and then compare 
the stored readings to those captured with a spectrometer 
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Figure 1: Mechanical design of the PN-FTMW spectrometer 


(Reproduced with permission from Reference 1). 


connected to a telescope. From Boltzmann distribution 
and the low temperature of a molecular cloud, it follows 
that majority of the molecules in the clouds are in their 
vibrational and electronic ground states and not “excited 
states”. However, rotationally excited states are populated 
at 10-100 K and decay by spontaneous emission. There- 
fore, the spectrum of the cloud in the radiofrequency and 
microwave regions consists of sharp lines corresponding 
to rotational transitions; this makes rotational spectros- 
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copy an indispensible tool in the chemical exami- 
nation of the interstellar space. Infrared emissions 
can be observed if molecules are occasionally ex- 
cited by high energy photons emitted by hot stars 
in the vicinity of the cloud. This is a rare event. 


Rotational Spectroscopy: 

Of all the tools that may be at the disposal of an 
astronomer, spectroscopy which is simply the 
study of the interaction between matter and light 
(electromagnetic radiation from radiofrequency to 
gamma rays), has become an indispensable part- 
ner. This is because with spectroscopy, astrono- 
mers can study the universe, determine the chemi- 
cal compositions, physical properties, and radial 
velocities of astronomical sources. The dark matter 
content of galaxies, the masses of two stars in orbit 
about each other, the mass of a cluster of galaxies, 
the rate of expansion of the Universe have all been 
measured with the help of spectroscopy. Also, it 
makes it possible for the astronomer to determine 
the physical conditions in distant stars and nebulae, in- 
cluding the chemical composition and temperatures, by 
quantitative analysis of the strengths of spectral features, 
thus constraining models of chemical enrichment in gal- 
axies and the evolution of the universe. 


That each molecule has a different rotational spectrum 
which is its distinct “fingerprint” or “signature” is the 


Figure 2: Electrical design of the PN-FTMW spectrometer (Reproduced with permission from Reference 1).1, 
Signal generator (Agilent, MXG signal generator, N5183A); 2, Delay generator (BNC-555); 3,Delay generator 
(SRS DG645); 4, Microwave attenuator (HP, 8493C, 3dB); 5, SSB mixer (Miteq,SMO-226LC1A); 6, Medium power 
amplifier (Miteq, JS3-02002600-5-7A); 7, MW SPDTswitch (Sierra Microwave, 0.5-26.5 SFD0526-000); 8, Direc- 
tion coupler (Narda, 1.7-26.5—4227—16);9, Diode detector (Narda, 0.01-26.5—4507); 10, Low noise amplifier (Miteq, 
JS4-02002600-3-5P); 11, Image rejection mixer (Miteq, IRO-0226LCIA); 12, Band pass filter (Mini Circuits, BBP- 
30); 13,RF amplifier (Mini Circuits, ZFL-500LN); 14, RF mixer (Mini Circuits, ZAD-1); 15, Low pass filter(Mini 
Circuits, BLP-5); 16, RF amplifier (HD communication corp., HD 17153BB); 17, Attenuator (Mini Circuits, ZAFT- 
51020); 18, Blocking capacitor (HP, 11742A); 19, Stepper motor; 20, Motordriver; 21, Diffusion pump and 22, 
Rotary pump; 23, 30MHz function generator (Stanford ResearchSystem, DS345); 24, Distribution amplifier (Stan- 
ford Research System, FS710); 25, Antenna; 26,Exhaust; 27, Digital storage oscilloscope (Tektronix TDS 2022). 
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from the rotation of the permanent dipole mo- 
ment that can interact with an electromagnetic 
field in the microwave region of the spectrum. 
It is a high resolution technique with precision 
only limited by the Doppler width. It is also 
an excellent source of reference data for new 
high-resolution telescope facilities operating 
in the THz frequency region. An important ap- 
plication of rotational spectroscopy has been 
in the chemical analysis of the interstellar me- 
dium using radio telescopes. 


Rotational spectroscopy has been very use- 
ful in determining the structure of molecules 
and molecular clusters via Fourier transform 
microwave (FTMW) spectrometer. However, 


Figure 3: FID from the OCS polarized at 12162.7 MHz with a micro- only stable molecules in gas phase could be 
wave pulse of 0.5us. Backing pressure was I atm. 3% OCS in Argon giydied using FTMW while the weakly bound 


was used (Reproduced with permission from Reference 1). 


unique characteristic which makes it possible for mol- 
ecules to be studied by spectroscopy. This characteris- 
tic has been found to be very useful in identification of 
specific molecules not only in the laboratory sample, but 
also in ISM. Hence, rotational spectroscopy plays a fun- 
damental role in investigations of interstellar molecules 
and the study of how stars and the planetary systems are 
born. Precise transition frequencies for different molec- 
ular species are provided by laboratory rotational spec- 
troscopy. These are then used by astrophysicists for the 
identification of these species in ISM and in derivation 
of their abundances from the spectrum detected by radio 
astronomy. 


Rotational spectroscopy involves the measurement of the 
energies of transitions between quantized rotational states 
of molecules in the gas phase. These transitions arise 


Frequency Offset (kbtz) 


Figure 4: The frequency domain spectrum of Figure 3 
showing the Doublets of the J=0—1 transition of OCS 
at 12162.9789 MHz(Reproduced with permission from 
Reference 1). 


complexes could only be studied using Molec- 
ular Beam Electric Resonance (MBER) spec- 
trometers which were not very sensitive. 


In the early 1980s, Balle and Flygare developed the pulsed 
nozzle Fourier transform microwave spectrometer(PN- 
FTMW) to study the conformers of organic molecules, 
weakly bound complexes, free radicals and reaction inter- 
mediates with great resolution and high sensitivity. In our 
group, we have built the PN-FTMW spectrometer based 
on the Balle-Flygare design with some key differences 
made possible due to the advances in RF and microwave 
technology in the intervening period [1]. Fig. 1 and 2 re- 
spectively show the mechanical and electrical designs of 
the PN-FTMW currently used in our lab (Figures taken 
from Ref. 1 with permission). Briefly, the microwave 
pulse (duration in microseconds) is generated by a digital 
source, such as a synthesizer or arbitrary waveform gen- 
erator. The frequency of this pulse is tuned to be reso- 
nant with a Fabry-Perot cavity housed in a high-vacuum 
chamber, 10° mbar. It produces a standing wave within 
the cavity of frequency width of about a MHz. If the 
molecule/complex in the cavity has a rotational transi- 
tion within this bandwidth, this pulse causes populations 
in the two different rotational levels (say 1 and 2) to 
mix, creating a macroscopic polarization. This macro- 
scopic polarization begins to lose coherence and emits 
a free induction decay (FID). The FID is then converted 
from the time domain to the frequency domain by Fou- 
rier transform as shown in Fig. 3 and 4. Details of the 
working principle of this instrument can be found in our 
review on its advances and application [2]. 


On the successful completion of the PN-FTMW spec- 
trometer in our lab, in order to test its performance and 
resolution, strong signals from the standard OCS (a well 
known interstellar molecule observed in the Sgr B2 com- 
plex since 1971) were obtained in the frequency range 
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Figure 5: Schematic diagram of CP-FTM W spectrometer (Repro- 
duced with permission from Reference 7) 
of 2 to 26.5 GHz. Fig. 3 shows the time domain signal 
obtained from the standard OCS while Fig. 4 depicts the 
frequency domain spectrum of the same sample. The high 


resolution of our spectrometer became very obvious with 
the line centre that could be determined to 0.1 kHz and 
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the doubling of the signal (as shown in Fig. 
4) is due to Doppler effect. The Doppler ef- 
fect or shift, which has to do with a change in 
frequency of a periodic event for an observer 
relative to its source, has been of immense 
use in astronomy in measuring the speed at 
which stars and galaxies are approaching or 
receding from us. 


Our PNFTMW spectrometer has been in ac- 
tive use for studying the rotational spectra of 
molecules of astrophysical interest and weak- 
ly bound complexes formed in supersonic 
expansion. Among the molecules that were 
investigated in the recent years are phenyl- 
acetylene [3,4] and propargyl! alcohol [5,6]. 
Phenylacetylene is an intermediate in the 
formation of soot particles observed in inter- 
stellar space. With the well established con- 
cept of isomerism existing among interstellar 
molecules with about 40% of all the known 
interstellar molecules having isomeric coun- 
terparts, we have studied the rotational spec- 
tra of propargyl alcohol and its weakly bound 


complexes. Propargyl alcohol is a potential candidate for 
astronomical observation as its isomer; propenal has been 
astronomically observed about a decade ago. The first 
branched chain molecule; isopropyl cyanide has recently 


Table 1: Interstellar molecules between 2 and 7 atoms 


H,, CO, CSi, CP 
CS, NO, NS, SO 
HCl, NaCl, KCl 
AICI, AIF, PN 


SIN, SiO, SiS 


3 atoms 
H,0, H,S, HCN, TiO, 


HNC, CO,, SO, 


4 atoms 5 atoms 6 atoms 


NH, H,CO 


H,CS, C,H, 


MgCN, MgNC, NaCN |HNCO, HNCS 


N,O, NH,, OCS 
CH,, HCO, C, 
C,H, C,0, C,S 
AINC, HNO 
SiCN, N,H* 
SiNC, c-SiC, 
HCO+, HOC 
HCS*, H;* 


OCN-, HCP, CCP 


H,0*, SiC, 
C38, H,CN 
c-C;H, -C,H 


HCCN, CH, 


C,CN, C,;0 


HCNH*, HOCO* 


C,N-, HNCO 


CH,, SiH, 
CH,NH, NH,CN 
CH,CO, HCOOH 
HCCCN, HCCNC 
c-C3H,, -C3H, 
CH,CN, H,COH* 
Csi 

C; 

HNCCC 

C4H 

C,H 


HC(O)CN 


7 atoms 
CH,0OH, CH,SH |CH,CHOH 
C,H, HC,H c-C,H,O 
CH,CN, CH3NC |HC(O)CH; 
HCONH,, H,CCCH 
HC,C(O)H CH3NH, 
HC,;NH* CH,CHCN 
HC,N HC,CN 
CN, C;H C,H 
H,C,, H,CCNH 

C;N- 

c-H,C,0 


E-HNCHCN 


Rotational (mm/sub-mm); both rotational (mm/sub-mm) and uv-vs (electronic); uv-vs (electronic); infrared (vibra- 
tional) (See further reading 9-11). 
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Table 2: Interstellar molecules with 8 atoms and above 


“Tie.” ¢ ae 
CoH 


CH,COOH (CH;),0 (CH;)CO HC,N HC,,N 
HCOOCH, CH;CH,CN | HOC,H,OH | CH;C,H C3H,CN Coo 
HOCH,CHO CH,CH,OH | H;CCH,COH | HCOOC,H; | C,H;0CH, Coo* 
H,;C;CN, C,H, (NH,),CO | CH;CH,SH | CH;,C,CN CH,OCOCH, | branched-C3,H,CN | C,, 
H.C, CH,C,H 

H(CC)3H HC,N 

H,CCHCHO CsH 

CH,CCHCN CH,CONH, 

H,NCH,CN, CsH- 

CH,CHNH CH,CHCH, 


Rotational (mm/sub-mm); infrared (vibrational) (See further reading 9-11) 


been observed in ISM and studies have shown the pos- 
sibility of more branched chain molecules in ISM. In line 
with this, we are planning to study the rotational spectra 
of isoprene and its weakly bound complexes. 


Chirped-Pulse Fourier Transform Microwave (CP-FT- 
MW) Spectroscopy: 

The recent advances in the technology of microwave 
equipments have brought great innovations into the field of 
microwave spectroscopy with great impact in astronomy, 
astrophysics and astrochemistry. One of such innovations 
is the development of a chirped-pulse Fourier transform 
microwave (CP-FTMW) spectrometer capable of mea- 
suring 11 GHz of bandwidth in less than 10 ps [7]. The 
PNFTMW spectrometer had very high resolution and sen- 
sitivity, but the bandwidth was limited to about 1 MHz. It 
was often compared to looking through a key-hole to find 
out what is in a room. The CPFTMW spectrometer has 
opened the door and it has indeed revolutionized the field 
of microwave spectroscopy! Several laboratories have al- 
ready built a chirped pulse version and it is only a matter 
of time before every microwave laboratory has one.This 
development has brought others to the field as well. 


The schematic diagram of a CP-FTMW spectrometer is 
shown in Fig. 5. In catching up with these advances and 
the advantages offered by CP-FTMW spectroscopy, our 
laboratory is planning to build a CP-FTMW spectrometer 
as well. 


The CP-FTMW spectrometer has three main components; 
(1) chirp microwave pulse generation, (2) microwave ex- 
citation pulse and molecular beam sample interaction re- 


gion and (3) FID detection which are clearly depicted in 
Fig. 5. Details about the CP-FTMW spectrometer and its 
applications can be found in Reference 7. 


Impact of Rotational Spectroscopy in Astrophysics: 

The impact of rotational spectroscopy in astrophysics and 
by extension, astronomy, astrochemistry and astrobiol- 
ogy is something that cannot be overstressed. The seeds 
constantly sown by many spectroscopy groups around 
the world are unremittingly yielding fruits. The Thaddeus 
group at the Harvard-Smithsonian Center for Astrophys- 
ics carried out a comprehensive rotational spectroscopy 
study of 77 reactive organic molecules of astrophysical 
interest. Even before the publication of their results [8], 
6 of the molecules were already detected in ISM based 
on their data.The ISM has been shown to consist of a bi- 
zarre mixture of both familiar molecules such as water, 
ammonia etc, and a large number of exotic ones such as 
radicals, acetylenic carbon chains, carbenes, highly reac- 
tive ions and high molecular isomers that are so unfamiliar 
in the terrestrial laboratory that chemists and astronomers 
have dubbed them “non-terrestrial”. The development of 
radio-astronomical techniques, advancements in spectro- 
scopic tools and the close collaboration between labora- 
tory spectroscopists and astrophysicists have resulted in 
the detection of over 200 different molecular species in 
the interstellar space largely via their rotational emission 
spectra during the last four decades (Tables 1 and 2). 


In 2004, our review on the advances and applications of 
pulsed nozzle furrier transform microwave spectrometer 
was published [2]. This review highlighted the impact 
of this indispensable tool in astronomy and astrophysics. 
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Tables 1 and 2 list the different interstellar molecules so 
far detected from different molecular clouds, grouped 
according to the number of atoms. From the tables, it is 
evident that more than 80% of all the known interstellar 
molecules have been observed via their rotational spec- 
tra (all the molecules indicated in black) while the other 
spectroscopic methods; vibrational spectroscopy (indi- 
cated in green) and uv-visible (electronic spectroscopy; 
indicated in blue) have also been useful for the astro- 
nomical observations of a few molecules especially the 
ones that are not microwave active (no permanent electric 
dipole moment). 


The different interstellar molecules are important in di- 
verse fields; atmospheric chemistry, astrobiology, astro- 
chemistry, cosmology, astrophysics, prebiotic chemistry, 
astronomy etc, and in our understanding of our solar sys- 
tem. The symmetric rotors like CH,CN and CH,CCH are 
being used as interstellar thermometers. Metal-bearing 
molecules like SiO, AINC, FeO, etc, give useful infor- 
mation about the depletion of these molecules into the 
molecular dust grains. The hydrides; CH, LiH, SiH etc. 
are believed to play an important role in cooling the high- 
est density regions of interstellar clouds.The observations 
of interstellar ions; CH*, HC,NH*, HOC*,C,N’,C,H etc, 
have sparked off studies on ion-molecule chemistry as the 
basis for the formation of interstellar molecules in the gas 
phase.The observation of interstellar cyclic molecules; c- 
C,H,0O, c-C,H, etc, is always a welcome development as 
very few of them have been observed so far.The complex 
molecules (molecules with six or more atoms by inter- 
stellar standards) so far observed include molecules of 
biological importance which are good tools in addressing 
the chemical origin of life which remains an open ques- 
tion in Chemistry. In the C,H,O, family of isomers, acetic 
acid is considered as a precursor for glycine; the simplest 
biologically important amino acid.This is due to the fact 
that in the laboratory, a biomolecular synthesis of glycine 
occurs when acetic acid combines with amidogen cation. 
Glycolaldehyde is an important biomarker being structur- 
ally the simplest member of the monosaccharide sugars. 
In general, each interstellar molecule tells its own story 
about the chemistry and physics where it was found. 


Conclusion: 

The widespread of molecules throughout the Universe 
and the astronomical observations of some of these mol- 
ecules have led to the realization that the Universe is sub- 
stantially molecular. To the astronomers, interstellar mol- 
ecules are useful as probes of physical conditions while 
to the chemists, they are exciting clues to the molecular 
origin of life. More and larger molecules are expected to 
be observed in the interstellar space in the near future. 
With the rapid advances in technology of astronomical 
and spectroscopic tools, coupled with the curiosity in un- 
derstanding the world around us and the solar system, the 
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young interdisciplinary science of astrochemistry lying 
at the interface of astronomy, astrophysics, physics and 
chemistry will remain a fascinating field of study with 
the reach and ever expanding chemistry of the interstellar 
medium. 
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Small Aperture Amateur Observational 
Capabilities/Tools 


(I maging/Photometry/Spectroscopy) 


Over several thousand years, astronomy continues to be 
popular subject among amateurs. Day by day, advance- 
ments in equipment and reduction in cost has enabled 
amateur astronomer’s work to become increasingly more 
scientific rather than conducting only imaging. With in- 
creasing interest and low cost capabilities in imaging/ 
photometry/spectroscopy, amateurs are doing appreciable 
work on it with their limited tool capabilities. The work 
may not be completely on par with that of professionals 
but it enables amateur astronomers to understand the sub- 
ject more scientifically. In this paper, we briefly describe 
some of the small aperture amateur observational capa- 
bilities and tools. 


Introduction: 

There is enough scope to carry out astronomical observa- 
tions using moderate size telescopes, mainly known as 
“Refractors”, “Reflectors” and “Cassegrain Catadioptric 
Telescopes” along with capabilities of CCD imaging and 
sky tracking facility. A brief description about these tele- 
scopes and the used facilities are as follows. 


Refractor Telescope: 

Refractor telescope consists of convex lenses to collect, 
focus and magnify light. The distance between the objec- 
tive (main) lens and the eyepiece lens is fixed so that they 
share a common focal point (Fig. 1). 


objective (lens) focus (mage) 
eyepiece (lens) 
incoming light 
from object 
eye 
| - objective focal length ere 
Figure 1. Refractor Telescope 
Reflecting Telescope: 


Reflecting Telescope uses a single concave mirror as its 
primary. Light enters the tube traveling to the mirror at 
the back end. There light bend forward in the tube to a 
single point, its focal point. This exact system is known 
as Newtonian Reflector. 
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Figure 2. Reflector Telescope 
Schmidt- Cassegrain Catadioptric Telescope: 


The third type of telescope, which has gained immense 
popularity over the last years, is the Schmidt Cassegrain 
telescope (SCT). This type of telescope uses both lenses 
and mirrors in a compound system as shown in Fig. 3. 


Schmidt 
corrector plate 


Spherical 
primary 
mirror 


Eyepiece 


Secondary 
mirror 


Figure 3. Schmidt- Cassegrain Telescope 


Sky tracking facilities: 

The facility includes telescopes that are generally attached 
with GOTO mounts and are slewed using planetarium 
software (For eg. Starry Night pro plus SN7/MaximDL + 
EQMOD in our case). 


CCD Imaging: 

The thermoelectric cooled Charge Coupled Device 
(CCD) cameras are more sensitive to astronomical light 
signals due to less dark electric current and high electron 
quantum efficiency (QE). A typical view of CCD sensor 
is shown in Fig. 4. 


KAF-8300CE 


4 ere ey Cee 


Figure 4. A typical CCD sensor (KAF8300, Kodak) 


The quantum efficiency of a typical CCD chip w.r.t opti- 
cal wavelength is shown in (Fig. 5). 
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KAF-8300 Quantum Efficiency 
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Figure 5: Typical QE curve of KAF8300 CCD Chip 
MaximDL: Image calibration/stacking & Photometry 
APT Tool/Backyard (EOS): Image capturing 
CCDstack2.0: Image calibration/stacking 

RSpec: Spectroscopy 

Astrometrica: Plate scale 

DS9: Image scaling/false color 


Imaging/ Observations: 

The image calibration & processing is an integral part of 
astronomical observation and result estimations. Many of 
the amateur astronomical communities use popular imag- 
ing softwares for different purposes, mentioned below. 
MaximDL: Image calibration/stacking & Photometry 
APT Tool/Backyard (EOS):CCD Camera control 
CCDstack2.0: Image calibration/stacking 

RSpec: Spectroscopy 

Few CCD images of Comets (year 2013-2015) C2012S1 
ISON, C2013R1 Lovejoy, C/2014Q2 Lovejoy, C/2013A1 
Siding Spring, C/2014 E2 Jacques, C/2013V5 Oukai- 
meden along with supernova SN2014J event in galaxy 
M82 and recent supernova SN2014dt in galaxy M61 are 
shown in Fig. 6(a-h). 


a 
3 


Figure 6a. Comet C2012S1 ISON 
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Figure 6b. Comet C2013R1 Lovejoy 


Figure 6c. C2013A1 Siding Spring 
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Figure 6f. C2014E2 Jacques 


SUPERNOVA SN2014J 


Figure 6g. SN2014J in M82 
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Figure 6h. SN2014dt in M61 


Spectroscopy and Photometry 
Astronomical Spectroscopy: 


Spectroscopy is a branch of Physics/Chemistry in which, 
the emission and absorption property of atoms or mole- 
cules are examined. It can be done in Optical, Radio and 
X-Ray regions of the electromagnetic radiation. Mostly, in 
amateur astronomical spectroscopy the measurements are 
done in optical region at different wavelengths from 4000 
A to 7000 A. The electromagnetic radiation (here visible 
light signal) is dispersed over the CCD sensor using a dis- 
persive medium (say prism or star analyser gratings) and 
spectrum is recorded as an image. 


The image data is reduced using spectroscopy software like 
RSpec, Vspec or ISIS to get relative intensity (y axis) and 
wavelength (x axis) distribution. Low dispersion transmis- 
sion blazed gratings of 100 lines/mm grooves or 200 lines/ 
mm grooves are popular among amateur astronomers. 


These gratings best work with bright stars, but can also 
be used to examine the spectra of comets and supernovas. 
The typical spectrum of Star Vega (AOV) is shown along 
with few spectra of comets and supernovas. 


The Hydrogen Balmer lines are clearly seen in spectrum 
of star Vega (AOV). Likewise many bright stars and their 
spectral classes can be easily examined. 
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Figure 7. Spectrum of star Vega (AOV). 

X-axis: Wavelength (A°); Y-axis: Relative flux. 

Not only bright stars, the bright comets are also good tar- 
get for amateur astronomers to perform spectroscopy. The 
spectra of comets show emission peaks of diatomic car- 
bon C2 “swan bands”, carbide C3, cyanide CN & Am- 
monia NH, when comet approaches very near to the Sun. 


6000 (NH31) 


w 
oO 
a 
om] 
= 
+ 


oo 4000 so000 5s500 6000 6500 7ooo 7500 & 


Figure 8. Carbon Swan bands of comet C2012S1 ISON 
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Figure 9. Carbon Swan bands of Comet 
C2014E2 Jacques 
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Spectrum of C2014Q2 Lovejoy, 17.01.2015 
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Figure 10. Carbon Swan bands of Comet 

C2014Q2 Lovejoy 
It is challenging to carry out astronomical spectroscopy at 
higher positive photometric magnitude (for very faint ob- 
jects), but careful observation does not disappoint as far as 
results are concerned. The small telescopes are sufficient 
to record the spectrum of bright supernova transients. The 
spectrum of supernovas SN2014J and SN2014dt are re- 
corded though. 


It is always challenging to identify the correct emission / 
absorption lines in spectral analysis, although the absorp- 
tion at 6000 A is best known as Silicon-II (Si-II) in Type 
Ia supernova among astronomical community. The Si-II 
absorption line at 6000 A was found blue shifted (Si-II 
shows rest wavelength at 6355 A) as after the supernova 
explosion the relative cooled nova shell moving very fast 
towards the observer at earth. 


Likewise to sound signals where frequency of sound ap- 
pears higher when source moves towards listener and vice 
versa, same thing happens with electromagnetic radiations. 
This phenomenon is well known as “Doppler effect”. The 
close observation shows that within a month Si-I line was 
shifted and found at 6114 A. 


SN2014) Normalized Flux Graphs 1/22/14 thru 2/4/14 


Figure 11. Spectra of SN2014J captured during the first 
30 days after detection. The Si feature identifies it as a 


Type Ia 
The simple calculation shows that supernova shell was ex- 


panding with velocity of 16800 km/Seconds. 25 
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Expansion Velocity V, = [(6000 — 6355) x 310°] / 6355 
= 16800 km/s 


Radial Velocity Change in SN 2014 J 
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initial data shows a steep initial drop in radial velocity, 
However, the small number of data points means that 
more data is needed to establish the validity of this 

observation. The data is only observe at amatuer level & 


12000 + 


only for understanding the variations in physical 
properties and features of observed supernova. 
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Figure 12. Expansion velocity profile with time (days) 


The similar spectroscopic study is done for SN2014dt in 
M61 (Fig. 13). 
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Figure 13. Spectra of SN2014dt. The Si feature identifies 
it as a Type Ta 


Astronomical Photometry: 

It is measuring the electromagnetic flux (luminosity or 
magnitude) of an unknown astronomical object with re- 
spect to standard source. The Photometric magnitude esti- 
mation of a typical supernova SN2014dt (Fig. 14). 
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Figure 14. Photometric magnitude estimation of 
SN2014dt 


Conclusion: 

Advancements in equipments in astronomy have given 
new wings to amateur astronomers. Imaging coupled with 
spectroscopic/photometric data helps in understanding 
and exploring the universe more scientifically. Presence 
of molecules in comets, type of supernova (estimation of 
Doppler shifts, radial expansion velocities), its magnitude, 
size, the variability in luminosities of binary stars (period 
and mass) etc can easily be estimated with the spectrum / 
photometric data. 
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MISSION STORY - 2016 EXOMARS MISSION - TRACE GAS ORBITER AND EDM 


Trace Gas Orbiter is a part of ExoMars Programme which 
is carried out jointly by ESA and Russian Federal Agency, 
Roscosmos, with some important contributions from 
NASA. ExoMars consists of two missions, to be separately 
launched in 2016 and 2018. The 2016 ExoMars mission 
consists of a Trace Gas Orbiter (TGO) and an EDL (Entry, 
Descent and Landing) Demonstrator Module (EDM) while 
the 2018 mission will deploy a large Rover using a Carrier 
Module and Descent Module. The 2016 ExoMars TGO 
will investigate the trace gases in the Martian atmosphere 
for detecting small concentrations of gases in the Martian 
atmosphere. TGO is designed to carry out trace gas science 
in its initial science phase of 1 Martian year, later it will be 
used to cater data relay services through the end of 2022. 
Besides the Orbiter, an EDM will be released, which will 
deploy a short duration lander on to the Martian surface. 
TGO will perform remote observations of the atmosphere 
with a particular focus on the hydrocarbons and/or sulphur 
species. Understanding the distribution and quantity of 


the gases such as Methane and its degradation products 
will help in identifying the location and the nature of the 


biologic/geologic sources of these gases at present or in 
the past. 


Investigations of Martian methane for the past few years 
reveal that it is present in small amounts and vary with 
location and time. It implies the presence of active and 
current source of methane but the nature of the source is 
not yet clear. Some organisms on Earth produce methane as 
a by-product as they digest nutrients; however, the purely 
geological processes cannot be neglected. Thus, TGO will 
provide new data to investigate the temporal and spatial 
evolution of trace gases in the atmosphere of Mars which 
will be helpful to understand the location and the nature of 
their source regions. TGO is also planned as a relay asset 
for the rover mission of the ExoMars programme which 
will be launched in 2018 and the mission is expected to be 
in operation until 2022. 


Trace Gas Orbiter (TGO) 


EDL Demonstrator Module 


Proton M/Breeze M 
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Mission profile: The 2016 ExoMars mission weighing 
about 4332 kg (TGO-3732 kg and EDM-600 kg), carries 
instrument mass (including EDM) of 116 kg. It is designed 
by ESA and will be launched around Jan. 2016 by Roscos- 
mos “Proton” launch vehicle. After an inter-planetary cruise 
of nearly 9 months, it is expected to arrive at Mars on Oct. 
16, 2016 after which EDM will be released 3 days before 
Mars Orbit Insertion (MOI) from the hyperbolic trajectory 
of the spacecraft. TGO is expected to achieve an orbit of 
~400 km altitude with 74° inclination. 
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The ExoMars Trace Gas Orbiter scientific instruments. 


Science Instruments: The TGO is designed to address 
three major scientific objectives which include 1) detailed 
characterisation of the Martian atmosphere’s composition, 
2) imaging of surface features, and 3) mapping of subsurface 
hydrogen. In order to achieve these scientific goals, Trace 
Gas Orbiter will carry four scientific instruments. 


Nadir and Occultation for MArs Discovery (NOMAD): 
NOMAD is a spectrometer suite which covers a wide 
spectral range from infrared to ultraviolet. It will be used to 
identify the components of Martian atmosphere. 


Atmospheric Chemistry Suite(ACS): 

ACS is a suite of three infrared instruments which will inves- 
tigate the chemistry and structure of the Martian atmosphere. 
ACS will carry out solar occultation studies for better analy- 
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sis of the atmosphere. ACS will also complement NOMAD 
by extending the coverage at infrared wavelengths. 


Colour and Stereo Surface Imaging System(CaSSIS): 
CaSSIS is a high resolution camera having spatial resolu- 
tion of 5 m/pixel. It is capable of obtaining colour and 
stereo images over a wide swath. CaSSIS data will provide 
the geological and dynamical context for sources or sinks 
of trace gases detected by NOMAD and ACS. 


Fine Resolution Epithermal Neutron Detector (FREND): 
FREND is a neutron detector which will be used to map 
the presence of hydrogen on the Martian surface which 
will help us to understand the deposits of near-surface 
water ice. 


EDM Configuration 


Parachute 
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EDM Module: 


In addition to the scientific instruments, TGO also carries 
an EDL module, a technology demonstrator for landing 
payloads on Mars. The integrated mass of EDM payloads 
is ~5 kg and it is expected to survive for 4-8 sols. EDM will 
conduct descent science, measure pressure, temperature, 
wind speed and direction and other parameters related to 
dust and electric charge on Mars, in particular during dust 
storm season. 
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MOM extended for six months 

The operations of ISROs Mars Orbiter Mission 
(MOM) have been extended for another six months 
after it successfully completed its initial phase 
on March 24, 2015. The spacecraft has sufficient 
fuel to assist its operations for another six months. 
NASA’s Dawn - First spacecraft to orbit a 
Dwarf Planet 

Dawn was captured by Ceres’ gravity at approxi- 
mately 38,000 miles at about 7:39 AM EST on 
March 6, 2015. It became the first spacecraft to 
orbit a Dwarf Planet and also the first mission to 
orbit two extraterrestrial targets - Vesta and Ceres. 
Status of China’s Lunar rover - Yutu 

China’s Chang’E-3 rover, Yutu, landed smoothly 
on the Moon in Dec. 2013. Recently, the data from 
the Yutu rover has been throwing out surprises to 
the researches. Data from Yutu suggest that there 
could be at least nine distinct layers deep beneath 
the surface implying that the Moon could be geo- 
logically active over the past 3.3 billion years. 
Deep Dip Campaign by NASA’s MAVEN 

The first of the five deep-dip manoeuvres were 
successfully implemented by NASA’s Mars Atmo- 
sphere and Volatile Evolution (MAVEN) mission, 
which was designed to gather measurements closer 
to the lower end of the Martian upper atmosphere. 
The first deep dip campaign ran during Feb. 10— 
18, 2015. Each campaign had roughly 20 orbits. 
New Horizons spots small moons orbiting Pluto 
Being just 126 miles away from Pluto, the New 
Horizons sent new images of Pluto from its tele- 
scope LORRI onboard on Jan. 25, 2015. New 
Horizons spacecraft has provided the first views 
of , Nix and Hydra, the two small moons of Pluto. 
Hayabusa 2 — On the go! 

After three months of launch, JAXA’s sample return 
mission to the Asteroid, Hayabusa 2 is undergoing 
orbit control operations. It is well near the cruising 
phase and the spacecraft is in good health. The func- 
tional confirmation was received on March 2, 2015. 
Voyager 1 into interstellar space 

NASA’s Voyager | spacecraft went into interstel- 
lar space recently, moving out of the heliosphere. 
It is the first man-made object to reach outside of 
our solar system. Voyager provided a great sur- 
prise showing that the magnetic fields out of our 
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MISSION UPDATES (Source: Websites of various space agencies, press releases and published articles) 


Solar System were aligned very much similar to 
the ones inside the Solar System, contradicting the 
previous idea. 

New SAR images from Cassini 

NASA’s Cassini spacecraft has recently explored the 
surface of Titan, Saturn’s largest moon. Cassini’s 
radar instrument, Synthetic Aperture Radar (SAR) 
has mapped almost half of the giant moon’s surface 
revealing vast desert-like expanses of sand dunes. 
Rosetta’s encounter with Comet 67P/CG 

ESA’s Rosetta mission has created history by de- 
ploying its Lander ‘Philae’ on the surface of comet 
67P’/Churyumov-Gerasimenko on Feb. 14, 2015. 
Rosetta has also provided spectacular images of the 
comet clicked by its onboard navigation camera. 
Hubble Space Telescope — Ganymede’s Oceans 
The 25 years old NASA’s Hubble Space tele- 
scope has revealed the possibility of underground 
saltwater ocean below the icy crust of Jupiter’s 
largest moon Ganymede. It is estimated that the 
water on it could be more than that on the Earth. 
MAVEN and the mysterious lights 

NASA’s MAVEN spacecraft found unexpected 
dust cloud and aurora in the atmosphere of Mars 
for a week from Dec. 25, 2014 onwards. The 
Imaging Ultraviolet Spectrometer (IUVS) on- 
board MAVEN became the first to probe the 
martian dust at an altitude of ~93-190 miles. 
Cassini spots hydrothermal activity on Encela- 
dus 

NASA’s Cassini spacecraft has revealed the 
evidence of hydrothermal activity in Saturn’s 
moon Enceladus. This kind of activity is simi- 
lar to the behaviour seen in Earth’s deep oceans. 
Landing site for Insight mission selected 
Elysium Planitia has been selected as the landing 
site for NASA’s InSight mission (Interior explora- 
tion using Seismic Investigations, Geodesy and 
Heat Transport) which is scheduled to reach Mars 
in September 2016. One of the main objectives 
of InSight mission is to study the planet’s interior. 
Opportunity completes marathon on Mars 

Mars long-lived rover, Opportunity, has covered a 
marathon distance on Mars in March 2015. Oppor- 
tunity is now on its way to a feature called “Spirit 
of St. Louis Crater”. 
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STRUCTURED TRAINING PROGRAM, 2015-PRL 

The scientists, engineers and other co-workers of Indian Space Research Organisation (ISRO) and its respective centers 
perform with a conception of hard and smart working into their day-to-day research activities that in turn drives them 
to learn and deliver at maximum. Taking forward this perception, ISRO conducts Structured Training Programme 
(STP) for a group of scientists and engineers belonging to ‘E to G’ group at its different centers, nation-wide. One of 
the structured courses on which the last STP was conducted during 27-30 Jan., 2015 at PLANEX, PRL Ahmedabad 
is ‘Planetary Exploration’. The structure of this course has been designed to provide an overview to the participants 
in the field of planetary sciences, while introducing them to its exciting facets of multi-disciplinary research. This 
consisted lectures by experts on topics related to remote exploration of Earth, Moon and Mars, their surface and atmo- 
spheric interactions and behavior, challenges in conducting deep space missions, improvement in launch capabilities, 
communication and navigation systems and their sub units, and challenges in designing sophisticated miniaturized 
instruments capable of conducting in situ and orbiter based investigations. Altogether, seventeen motivated scientists/ 
engineers were nominated from different ISRO centers to participate in the course and seventeen experts were invited 
to disseminate and share their knowledge in their field of interests and on aforementioned topics. In addition to learn- 
ing from expert lectures, the participants were assigned to complete small projects under expert guidance during the 
duration of the course. The project topics were formulated while giving emphasis on the emerging and interesting 
research activities taken up by the invited experts in different fields of planetary and space sciences. 


The course began with opening remarks by Prof. Utpal Sarkar where 
he mentioned that such a gathering of senior members from different 
ISRO centers at one place is a rare occasion. He shared some of the 
forthcoming plans with the attendees and indicated that plans have Pe 
been formulated to include engineering faculties and initiate full-time 
research facilities while taking support from I[Sc, IIST, and other in- 
stitutes. The first lecture was given by Dr. P. Sreekumar, who has taken 
the participants to an entirely fascinating world of astronomy, its ancient | 
and modern observational techniques, evolution of astronomical detec- | 
tors, and shared some of the key historical facts of astronomical science. 
intriguing galaxy, the participants clarified many of their inquisitiveness and 
== |). P. Sreekumar patiently attended each of them in order to give 
a proper reply and justification. Subsequently, Prof. S.V.S. Murty 
explained to the participants how important it is to detect life on any 
other planet than Earth and discussed the difference in evolution 
of planetary bodies. He also showed some samples of meteorites 
to the participants and briefly summarized the methods based on 
‘> which one can determine from where the meteorite has come from. 
, This was followed by a presentation from Dr. Prakash Chauhan on 
_ remote exploration of Moon wherein he shared the details of some 
of the key outcomes inferred from analysis of data acquired during 
> past and ongoing missions sent to orbit Moon. However, such ex- 
plorations are entirely dependent upon the sensitivity of the instruments (imaging or non-imaging), and to discuss the 
complexity involved in realizing one of these two types., Dr. A. Roy Chowdhury described the criticalities involved 
in designing electro optical imaging instruments. He clarified many of the basic questions of participants related to 
optics, sensor parameters, 3D imaging, calibration, detectors etc. His lecture was subsequently complement by Dr. S. 
Sarkar, who briefly detailed the objectives of ISRO’s recent Mars Orbiter Mission (MOM) and explained the essential 
characteristics of three MOM payloads (TIS, MCC and MSM). Later, Dr. S. Vadawale presented about India’s first 
dedicated astronomical satellite going to be launched in third quarter of 2015 for conducting multi-wavelength ob- 
servation of a broad range of cosmic sources. In addition to this, he explained the significance of x-rays in astronomy 
while giving special emphasis to Indian x-ray astronomy. 
Prof. S.A. Haider gave the first presentation on the second day of the course. He discussed the basic details in mak- 
ing up of Martian atmosphere and explained the present status on detection of Methane on Mars. He has inspired 
the participants to raise more questions related to planetary sciences and clarify them during the course of lectures 
comprising different topics related to Moon, Mars and Venus. In his presentation, he has also discussed some of the 
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recent outcomes from NASA’s MAVEN spacecraft orbiting Mars. In addition to exploration of a planet’s surface in 
optical and IR wavelengths, subsurface probing is equally important that is carried out using microwave range of 
electromagnetic spectrum. Dr. D.B. Dave discussed the importance of subsurface probing and presented fundamental 
details about principle of Ground Penetrating Radar (GPR), instrumental details, radargram generation and its potential 
applications to Mars and Moon. 

The next presentation was by Dr. H.S. Mazumdar, who introduced the participants to the concepts of miniaturization, 
its importance, impact on mass and power requirements, difficulties in achieving, and advantages over other technolo- 
gies and instruments that seek definite miniaturization. He elaborated the essential steps involved in miniaturizing the 
complex circuits while sharing some of the cases in which the instruments developed in-house were miniaturized. In 
this line of presentations made by instrument experts, Mr. M. Shanmugam briefly explained the instrumental details 
of payloads developed at PRL. He summarized the applications of x-ray spectrometers and gave a concise note on key 
differences in remote and in situ investigation using x-ray imaging and non-imaging instruments. Subsequently, Dr. 
D. Banerjee explained the role of nuclear remote sensing to the participants and discussed the significance of differ- 
ent energy ranges. He explained what natural radioactivity is and elaborated the principle of gamma rays interaction 
with matter, detection of gamma rays, and showed how to calculate flux and integration time. He has also provided 
the details of the Gamma ray spectrometer that is being developed indigenously at PLANEX for a future planetary 
exploration mission. 

On the third day, Shri. D.R.M. Samudaraih planned his presentation to highlight upon the factors determining the 
design approaches of instruments for planetary missions, wherein he has put all instrument parameters and effects dur- 
ing orbit under one hood. He mentioned to the participants that it involves a lot of exploration and analysis before we 
decide to land on surface of any planetary body and energized them to come up with novel instruments that can help in 
detecting the different forms of life sequestered on other planetary bodies. Wide ranges of applications of microwave 
remote sensing were once again discussed with the participants during the presentation made by Dr. Shiv Mohan. A 
lot of discussion related to types of suitable instruments and importance of results deciphered from microwave remote 
sensing techniques was exchanged during his presentation. Later, Dr. A. Chakraborty explained the problems in imag- 
ing a planet around a star as the planet is relatively faint and the contrast is very high when it is close to the star. His 
presentation then focused on the PARAS instrument installed at the PRL’s astronomical observatory in Mt. Abu and 
shared some of the recent discoveries made while conducting observations using the spectrograph. Then, Dr. K.K. 
Marhas described the extinct radionuclides and briefly summarized the formation and evolution of solar system during 
the presentation. In a very concise manner, she explained ‘what and why is done’ in the study of radionuclides and its 
importance to the participants. During the last sessions of the third day, Dr. A. Basu Sarbadhikari has given presentation 
on cosmochemical aspects of meteorites, wherein he discussed on melting and differentiation processes of early solar 
system materials. In addition to this, remarks have been made on necessity of interdisciplinary studies in meteorites. 
Lastly, Dr. Neeraj Srivastava presented his views on the onset of recent geological activities on Moon and explained the 
mechanism of planetary volcanism while discussing a case study from Lowell crater. His ideas excited the participants 
over the grounds that Moon is geologically active and he recommended that it is necessary to re-explore the intriguing 
flow features indicative of possible volcanic processes from a perspective different from impact origin. 

Over the duration of the course, the eight project teams formed from the participants were involved in in-depth discus- 
sion with their guides to accomplish their project goals and obtain good results with proper justification of what has 
been done where in this process. On the fourth day, the participants have been evaluated through a written test wherein 
they were supposed to answer basic questions related to the topics discussed with them by the experts during their 
presentations. Subsequently, in the last session, all the groups have made excellent summary of what they have done 
in their projects and briefly presented what new they have learned and the key conclusions extracted from their project 
work. An opportunity to have a taste of what is being done at laboratories established in PLANEX, PRL; a short visit 
to labs such as EPMA, ICPMS and Space Instrumentation lab was organized for the 

participants on the second day. 

Former director of PRL, Prof. J.N. Goswami, addressed the participants on the last day |» 

where he, on the behalf of the organizing committee, has explained the importance | 

of this initiative of ISRO for conducting STP course and similar training programs |~ 
for the interested scientists and engineers working at its different centers, nation- 
wide. Lastly, Prof. J.N. Goswami gave a participation certificate along with a CD 
consisting of all the presentations made during the course to all the participants who 
have attended this ISRO STP course on ‘Planetary Exploration’ in PRL, Ahmedabad. 
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15™ PLANEX WORKSHOP ON “MARS AND MOON: REMOTE SENSING AND ANALOGUE STUDIES” 

The 15" PLANEX Workshop was organized by Dr. A. D. Shukla and Dr. N. Srivastava during January 4-10, 2015 at 
PRL, Ahmedabad. Broadly, the workshop had four components: lectures from experts, a-priori initiated supervised 
projects, poster and oral presentations by the participants, and a field trip to Kach for study of Lunar and Martian analo- 
gies. A total of 29 selected participants that include students, research scholars and scientists from various institutes 
and universities across the country attended the workshop. In total, the workshop had 8 sessions based on themes that 
include Planetary Sciences and Exploration, Planetary Surfaces, The Planetary System, Mars and Analogues, Mars 
Orbiter Mission, Moon and analogues, Impact cratering, and Planetary environments. The lectures were organized in 
such a way that in addition to the explicit understanding of the geology of the Moon, Mars and their analogues, the par- 
ticipants also get knowledge of the fundamental processes involved in the origin and evolution of the solar system. 


Dr. D. Banerjee, Coordinator, PLANEX program gave the opening remarks following which the workshop participants 
were introduced to the activities of the PLANEX program by Prof. S.V.S. Murty, PRL. The inaugural address was given 
by Prof. J. N. Goswami, PRL in which he vividly explained formation and evolution of the solar system, highlighted 
intricacies and excitements in planetary sciences and gave glimpses of future studies to be made. Session | had talks 
on MOM-1 and Chandrayaan-1. Besides providing a detailed account on MOM-1 mission details, some initial results 
were also presented by Dr. R.P. Singh of SAC. Thereafter, Prof. N. Bhandari, PRL elucidated upon salient findings 
from Chandrayaan-1 mission that changed our earlier perspective of the Moon and stressed upon the need for sending 
many more missions with focused science objectives. Besides sending planetary missions studying their samples in 
laboratory when they ocassionally come to Earth as meteorites is equally important. Prof. S. V.S. Murty explained the 
concepts involved in such studies to decipher planetry evolution. Session 2 had an exciting deliberation by Dr. N. Jual, 
PRL on the geomorphic processes on the Earth and Mars. This followed with a poster session where the participants 
made poster presentations that was evaluated by a team of faculty members. Session 3 had fundamental lectures on the 
origin and evolution of planetary system by Dr. S. Sahijpal of Panjab University, which was followed with specific 
lectures on Planetary differentiation and Planetary interior and by Dr. J. S. Ray and Dr. V. K. Rai of PRL. Session 4 had 
talks on Geological and thermal evolution of Mars, the presence of phyllosilicates on Mars and the Glaciation process 
on Mars. Dr. Senthil Kumar of NGRI emphasized that gleaning geology of a planet requires detailed investigation of 
topography, morphologic features and structures, rock types, age relations, geochemistry and geophysics. Day 3 started 
with talk by Dr. A. Bhardwaj, Director, SPL explained the intricacies of Martian atmosphere and provided details of 
MENCA instrument onboard MOM-1. Session 6 was focused on the Moon and its analogues, geological evolution 
of the Moon, Earth & Moon comparison for magmatic water and possible lunar analogues. The 7" session dealt with 
impact cratering on Earth and other planetary systems. 


Midway through the workshop, on January 7" and 8", the participants were exposed to field studies. On the first day 
Mata Nu Math, a possible Martian analogue site was visited. Mentors and experts explained regional geology of the 
region and the criterion for calling it a Mars analogue were discussed. Next day the visit was to the famous now extinct 
volcano, Dhinodhar. This 386 m high volcano gave a visual treat by its nicely exposed columnar basalt rocks and the view 
atop of the hill was breathtaking. The tour ended with a visit to a fossil park, which had a diverse collection of fossils. 
Coming back from the field trip, Session 7 had talks on remote sensing of the Moon and Mars. Dr. P. Chauhan, SAC 
initiated the session with an informative talk on Optical Remote Sensing of Moon and Mars. The concepts, strengths 
and constraints in remotely probing planetary surfaces in other energy ranges across the electromagnetic spectrum 
such as y-ray, microwave and thermal region were also discussed in the subsequent talks of the session. Search for 
life has been a major driving force for exploration of Mars and several other planetary bodies in the solar system. In 
order to understand the concepts, the final i.e. 8 session of the workshop had a talk on astrobiology by Prof. R. Baskar 
of GJUSAT, Hisar in which past habitability on Mars and life in extreme environment on Earth was conferred. Next, 
Prof. J. K. Pati of Allahabad University described Martian blue berries and derived analogy from terrestrial spherules. 
Seven projects mentored by faculty of PRL, SAC & Univ. of Allahabad on aspects related to planetary analogue stud- 
ies, meteorite studies, remote sensing of the Moon & Mars and impact cratering were carried out in order to give the 
participants thorough knowledge in a specified field of interest and hands-on training. 


The participants were introduced to the projects and the related mentors much in advance and during the workshop 
students had regular interactions with their mentors in specific time allotted for the project work. On the final day 
the various groups presented their work based on the student’s performance at the workshop few students have been 
selected for further association with the program. The workshop concluded with general discussion and feedbacks 
from the students and the faculty members. Prof. Utpal Sarkar, enthuse the participants by his concluding remarks and 
distributed the certificates to the participants. 
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ND OPPORTUNITIES 


» “24 COSPAR Symposium on Water and Life in the Universe” will be organized during Nov. 9-13, 
2015 at Foz do Iguacu, Brazil. The last date for abstract submission is May 31, 2015. 
For more details, visit:- _http://cosparbrazil2015.org/?page_id=3437 


» “European Planetary Science Congress 2015” will be organized during Sept. 27 — Oct. 02, 2015 at 
Nantes, France. The last date for abstract submission is April 29, 2015. 
For more details, visit:- http://www.epsc2015.eu/home.html 


» “The Gordon Conference on Origins of Solar Systems” will be organized during June 28 - July 3, 
2015 at South Hadley, MA. The last date for abstract submission is May 31, 2015. 


For more details, visit:-_http://www.grc.org/programs.aspx?id=12345 


» “Colloquium on Twenty Years of Giant Exoplanets” will be organized during Oct. 5-9, 2015 at Ob- 
servatoire de Haute Provence, France. The last date for abstract submission is July 1, 2015. 


For more details, visit:- http://www.hou.usra.edu/meetings/ppw2015/ 


» “20% Humans in Space Symposium (HIS)” will be held during June 29 - July 3, 2015 at Prague, 
Czech Republic. The last date for registration is April 30, 2015. 
For more details, visit:- http://www.his2015.com/ 


» “24 Planetary Data Workshop ” will be be held during June 8-11, 2015 at Flagstaff, Arizona. The last 
date for abstract submission is April 7, 2015. 


For more details, visit:- http://www.hou.usra.edu/meetings/planetdata2015/ 


» “European Planetary Science Congress 2015 on the Importance of Organic Matter Evolution from 
the Interstellar Medium to Planetary Systems” will be held during Sept. 27- Oct. 2, 2015 at Nantes, 
France. The last date for abstract submission is April 29, 2015. 


For details, visit:- http://www.epsc2015.eu/home.html 


» “Conference on the “In the Spirit of Bernard Lyot 2015: Direct Detection of Exoplanets and Cir- 
cumstellar Disks” will be organized during June 22-26, 2015 at Montréal. The last date for abstract 
submission is April 17, 2015. 

For more details, visit:- http://craq-astro.ca/lyot2015/ 


» “12" International Planetary Probe Workshop (IPPW-12)” will be held during June 15-19, 2015 at 
Cologne, Germany. The last date for abstract submission is April 3, 2015. 


For more details, visit:- http://www.planetaryprobe.eu/ 


» “Workshop on Exoplanetary Atmospheres and Habitability: Thermodynamics, Disequilibrium and 
Evolution” will be held during Oct. 12-16,, 2015 at Nice, France. The last date for abstract submission 
is June 30, 2015. 

For more details, visit:- http://exoatmo.sciencesconf.org/ 


» “Conference on Comparative Climates of Terrestrial Planets IT: Understanding How Climate Sys- 
tems Work” will be held during Sept. 8-12, 2015 at Moffett Field, California. The last date for abstract 
submission is April 24, 2015. 

For more details, visit:- http://cctp2.arc.nasa.gov/ 
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North Dome 


3-D surface view of Compton—Belkovich Volcanic Complex (CBVC) (centered at 60.5° N—99.5° E) on the Moon 
at full resolution derived from LROC-NAC image of the area draped over the LOLA Digital Elevation Model 
(DEM) with a vertical exaggeration of six. It is showing the three prominent domes, along with the central caldera 
roughly marked by its topographical (yellow) and structural (white) boundaries; and slightly elevated plateau in 
the south. The red arrow marks a linear feature over the dome. (For more details, please refer: Chauhan, M. et al., 
2015, Compton—Belkovich Volcanic Complex (CBVC): An ash flow caldera on the Moon, Icarus 253, 115-129) 


1. Prof. J.N. Goswami has been conferred with Lifetime Achievement Award for out- 
standing and excellent contributions in the fiels of Earth, Planetary and Space Sci- 
ences and Solar-Stellar relations by ISMAS during 29" ISMAS International Sympo- 
sium on Mass Spectrometry held at Jodhpur, Rajasthan, India, during Feb. 2-6, 2015. 


2. Prof. S. V. S. Murty has been invited to be a member of editorial board for the 
‘Journal of Indian Geophysical Union’ 


3. Ms. Jinia Sikdar was awarded first prize for best oral presentation for the paper 
entitled “New chromatographic technique for simultaneous extraction of Si and Mg 
for their isotopic determination using MC-ICPMS” by Jinia Sikdar and Vinai K. Rai 
during 29" ISMAS International Symposium on Mass Spectrometry held at Jodhpur, 
Rajasthan, India, during Feb. 2-6, 2015. 
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It was a dream of very recent past. In the nuclear family of PLANEX, I was invited as a visiting member. 
I had been there for two calendar years and it was a completely new experience to me in regard to several 
aspects, viz., physical environment, working atmosphere, scientist community and ultimately their research 
output. A few decades ago I had some mild interactions with the Physical Research Laboratory in connection 
with some Indian meteorite falls and Leonid shower. As professional geoscientist from a very old, tradition- 
ally large joint family of Geological Survey of India I was groomed to nurture the national policy of my 
organization and it was basically oriented to multidisciplinary surveys for the benefit of people. There was 
no scope to focus on one theme at depth and record self- excellence. Since, policy wise, GSI and PRL are 
poles apart I was, therefore, little hesitant to join PLANEX, a focused research unit on Planetary Sciences. 


I thanked God on “Day one’ when I landed at Ahmedabad in a beautiful winter evening on the eve of 2013 
and felt a great relief of sigh comparing the city profile with thickly populated, politically disturbed City of 
Joy. Eco- friendly spacious Thaltej Campus was my second surprise. Pollution- free, silent, clean and green 
environment of the campus and its maintenance for 24x7 hours through outsourcing is praise worthy. Third 
beauty that drew my attention was the ‘Value of precious time’ when the Planex Project Co- ordinator and 
his office assistant, without wasting time after introduction, personally took me to my allotted chamber and 
held a meeting on the same day with the concerned PLANEX scientists regarding future work plan with spe- 
cific objective. Fourth suspense of the new set- up was waiting for me when I came to know that PLANEX 
activity is running through mail culture via LAN and WAN with minimum use of traditional administrative 
tools that are time consuming. I was overwhelmed with joy and happiness and felt myself the most proud 
and privileged man to have a set up where SCIENCE is the first word and SCIENCE is the last word. “Work 
more, Talk less’ was the PLANEX atmosphere with a competition to publish more and more research papers 
and without any mercy to fellow scientist. Everyone was suffering in trauma of “would be Einstein’. I liked 
very much two PLANEX activities- Weekly Friday seminar and Quarterly issue of PLANEX NEWSLET- 
TER through which I could educate myself to many unknown aspects of Payload science and engineering, 
Remote sensing images under various wavelengths and interpretations, petrology- geochemistry of astro- 
material and all about isotopes starting from pre- solar grains to cosmic ray produced noble gases. Addition- 
ally, I enjoyed interacting with the young school guys on National Science Day, summer trainees and PG 
students attending PLANEX workshop. 


In PLANEX, I was associated with a new project and it is all about iron meteorites. All through my stay I 
was engaged to develop the science starting from sampling- polishing of astro- material to its intricate metal- 
lurgy and shock- thermal history. We need to work a lot on this subject especially in simulation of diffusion 
experiments and precise determination of trace elements of very low abundance. Not a single day I was 
there without discussion with my faculty scientist associated with me and today I feel it was a few months 
only during which I had lost my two science years. This realization in terms of months never came to my 
mind during my past 37 years. Is it due to my love for research in planetary science? or, due to close associa- 
tion with PLANEX ? or, my long search for TRUTH? 


I convey my best wishes and regards to all my dear PLANEX members for active support, co- operation and 
apologise for unwilling mistakes, if any. 
Dr. Sambhunath Ghosh, 
Ex-Visiting Scientist, 
PLANEX, PRL 
E-mail: sombhunath.ghosh@gmail.com B 
Contact: + 91-(0)-94084552930 % 
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Gran Telescopio Canarias 


The Gran Telescopio Canarias, also known as GranTeCan or GTC, 
is one of the most advanced and the largest single aperture optical- 
infrared telescope of the world. It is located at the Roque de los 
Muchachos Observatory on La Palma, in the Canary Islands of 
Spain. The site is located on a volcanic peak, at an elevation of 2267 
meters above sea level. Being located above the inversion layer 
where clouds tend to form, the observatory enjoys cloudless skies. 
In addition, the government has implemented a law to protect the 
area against light pollution, which keeps the sky clear and stable, 
thus providing excellent observing conditions. 


The GTC has a primary mirror of about 10.4 m_ diameter. It is 
composed of 36 hexagonal segments, which, when put together, 
have a huge light-collecting surface of 75.7 m*. The GTC also has 
secondary and tertiary mirrors that deflect light to the foci, where 
scientific instruments can be mounted. The telescope has a focal 
length of 169.9 m and field of view of 20 arcmin in diameter (about 
the size of the full Moon). The mirror is made of Zerodur glass- 
ceramic, which has low coefficient of expansion so that temperature 
variations in telescope have negligible effect on the optics. 


Another key feature of GTC is its exquisite image quality, which is 
made possible because of the usage of active and adaptive optics. 
Adaptive optics involves the use of flexible mirrors that allow the tele- 
scope to correct for atmospheric turbulence and hence reach the best 
possible imaging. The telescope is mounted in a system that moves 
in altitude and azimuth, thus allowing the telescope to swing in both 
horizontal and vertical directions and observe any point in the sky. 


Currently there are two instruments on GTC: OSIRIS and CanariCam. 
OSIRIS (Optical System for Imaging and low Resolution Integrated 
Spectroscopy), is an imaging and low resolution spectrograph that 
works in the optical spectral range. CanariCam is a mid-infrared im- 
ager with spectroscopic, coronagraphic, and polarimetric capabilities 

, that makes it a versatile and powerful instrument. The telescope will 
The GTC% optical tube assembly is Le allow the study of key questions in astrophysics. Discovering planets 
- 85 feet from the floor to the tip of the second- similar to Earth in other star systems is one of the great objectives 


ary assembly and 45 feet from side-to-side. ora NS 


Image source : http://www.gtc.iac.es/gtc/gtc.php, http://www.cosmotography.com/ 
Text Source: http://www.gtc.iac.es/, http://en.wikipedia.org/wiki/Gran_Telescopio_Canarias, http://www.cosmotography.com/, 
http://astrolapalma.com/en/gran-telescopio-de-canarias. 
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